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A PRACHCAI. METHOD AND APPARATUS K.RXNALYTE DETECTION 

VVITH COLLOIDAI, PARTICLES 



<^='^"^-'"--™«°»«'«««oam«hodofde.ennWngU,eocnoeM^ 
analyte ,„ a mixmre using , speot^g^hic meftod of analysis and ™i,„e ™«hods of 
speo>„U analysis. Specifically, fl. i„ve„«„n cove„ ftc use of Raman specm>sc„py 
des.cca.cdme«par«o,«. moiecute specific coatings. san:p,e con^ae.. and nauIUvariate 
analysis to determine the concentration of an analyte. 



c 



« One Of the firs. exa„,p,es of the importance of chenncal arudysis in the chemical 

.ndusn^ comes fern Pliny the Elder (AD 23-79). Pliny the Hder was concent, about 
contamination ofcopper sulfate with iron sulftte. Copper sulftte ™s the principle ore fer 
making copper and bronee. The purity of the co,^ or. ultimately detennined d,e purity of 
fte copper or bron«. Pliny the Elder found that the extract of galh^ts hmred black in the 

.s pr^enceofironsulfate. ™^stople visual test was the first example ofwhat today is known 
as Analytical Chemistry. 

Since this early wotfc m metallurgical process control the field of analytical chemistiy 
has expanded greatly. He methods of analysis encompass 4 categories. The oldest , 
.^resented by Pliny the Elder-s wotk, is we. chemistty. This method hrvolves mixing ^ 
20 ch«n.cals together to obse^e a, uantitative change. The other three categories are mor! 
modetn and represent an improvement in sensitivity, measurement time, and selectivity over 

::ti:::x~ ~ - 

™^ '""^'--.pic analysis known as Raman spectioscopy 

- Raman scattering involves the inehstic scattering of light by vib^tiona, modes within a 
molecule. TWs can be veo- advantageous as no two molecules exhibit exactly the same 
Raman spectrmn. makes it possible to distinguish between similar compmrents m a 
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mixture. 

This advantage in specificity associated with Raman spectroscopy is overshadowed 
by an inherent lack of sensitivity. Typically about one in a million photons of light incident 
on a sample will take the form of Raman scattering. In practical terms Raman is limited to 
about one part in a thousand detection levels when the analyte is in a matrix. 

The Discovery of Surface Enhanced Raman Scattering 

Surface enhanced Raman scattering (SERS) like many scientific discoveries, evolved 
out of serendipitous events. In the early 1970's electrochemists began using optical methods 
to study electrode surfaces. Flieschmann and Hendra decided to experiment with Raman 
spectroscopy as a method of analyzing electrode surfaces. Due to the low sensitivity of 
Raman spectroscopy they chose silver as the electrode material since it is easily roughened 
by oxidation-reduction cycles in the presence of chloride. The growth of silver chloride 
crystals and reduction back to silver leads to a roughened surface with many times the surface 
area of a smooth polished electrode. This will increase the Raman signal as there are more 
molecules in the laser beam. They chose pyridine as the probe molecule as it should adsorb 
through the pyridine nitrogen and it is an inherently strong Raman scatterer. Their 
experiment was a success. They did not know it but this was the first experiment using 
SERS. It was not until four years later that this experiment was correctly interpreted. In 
1 977 Van Duyne at Northwestem University was also trying to study electrodes with Raman 
spectroscopy. His approach was to use resonantly enhanced molecular probes to overcome 
the sensitivity problem. He had performed calculations to determine the amount of resonance 
enhancement needed to observe a monolayer on an electrode. This number was at least 1000 
for a strong scatterer like pyridine. This made Flieschmann and Hendra' s results look 
anomalous. To test if the enhancement was due to increased surface roughness Van Duyne's 
student David Jeanmaire tried a milder oxidation-reduction cycle and achieved even stronger 
signals. This lead to the first announcement of an anomalous phenomena at silver surfaces. 

It is now known that the SERS eflFect arises through an electromagnetic resonance that 
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can occur strongly in noble metal particles and to a lesser extent in some other metals. The 
resonance occurs because the electrons in the particle are afifected by the excitation light to 
produce a polarization in the particle that makes it more likely to become more polarized. 
This phenomenon will produce very large electric fields near the particle surface and thus 
5 amplify optical events near the surface that are dependent on the electromagnetic field. 
Raman scattering is just one class of such events. Others might include fluorescence and 
absorbance. Further, each may be enhanced through a surface phenomenon as in the case of 
surface enhanced Raman spectroscopy. 

While SERS was discovered on electrode surfaces, it is not limited to these. Today 
lb SERS is being performed on evaporated metal surfaces, etched metal foils 

microlithographically produced surfaces, carefully assembled particle an-ays. colloidal' ^ 
suspensions, and with other methods that are capable of producing small submicron sized 
particles. An excellent discussion regarding aspects and uses of Raman Spectroscopy in a 
detection context is contained in the document "Method and Appai^s for Detection of a 

15 ControlledSubstance"bysomeofthepresentinventois.PCTPubKcationNo. W0 98/59234. 
hereby incorporated by reference. 

Several problems have plagued the development of SERS into a practical analytical 
tool. OnesuchproblemisthedelicatenatureoftheSERSsubstrate. The SERS phenomenon 
IS associated with particles or roughness features that are about 1/10 the size of the 
20 wavelength of the light used for excitation. Typically this means 40 to 1 00 nanometers (a . 
nanometer is one billion of a meter). Particles this size are very susceptible to chemical 
damage, aggregation, and photo damage. 

A survey of the different SERS substrates produces one type that stands out with 
respect to practical analytical chemistry. These are colloidal suspensions. Two significant 
25 advantages are found with colloidal suspensions. First, a large volume of colloidal particles 
can be made at one time. Within this batch of colloids every sample will be identical. This 
overcomes the ineproducibility of non free floating particulate surfaces. The second 
advantage is that the colloidal particles ar. suspended in a solution and therefore tend to be 
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much less susceptible to thermal damage. They also are subject to Brownian motion which 
tends to continually refresh the particles in the excitation beam, thus eliminating problems 
with photodegradation of the sample. 

In addition to problems with SERS substrate stability and reproducibility an 
5 additional factor needs to be included in the analysis. The SERS substrates are typically 
noble metal particles. The noble metals are aptly named for their ability to resist the 
aggressions of other materials. In a practical sense this is good for stability of the surfaces, 
but is impractical in terms of attracting an analyte to the surface. In order for the SERS 
substrate to act as a tool for detecting an analyte, it must attract the analjfte to the siu-face or 
10 in some way be specifically affected by the analyte to show a spectroscopic response. 

Initially SERS was seen as advantageous because of its strong enhancement. This 
invention realizes a different aspect of SERS. The localization of the SERS enhancement 
near the siu*face very effectively separates the signal from the analyte that is in close 
proximity with the surface from analyte or other material in the sample matrix. The locality 
15 of the analyte can be used to a strong advantage with respect to the ease of analysis. SERS 
allows one to measure an analyte in the presence of species that would strongly interfere and 
cripple other methods of analysis that do not have a localized area of detection. 

The problem of inertness with noble metal SERS active surfaces can be overcome 
^ with a coating material that attracts or is affected by the analyte. Basically, this combines the 

20 strong advantages of an enhanced sensitivity from the SERS substrate with the reactivity or 
affinity of a molecular specific coating. 

Four classes of coatings can be described for a SERS surface. These are passive 
coatings that can attract the analyte into close proximity of the surface through a chemical 
affinity for the analyte, the presence of which is detected by its SERS spectrum. Active 
25 coatings bind the analyte reversibly and indicate the presence of the analyte through a 
spectroscopically observable change in their chemical structure. Reactive coatings actually 
react with the analyte through a covalent bond and create a new species on the surface; this 
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new species is related to the analyte and p«,duces an analyte distinct spectrum for 
Identification and quantitation. The fourth class of coatings are sandwich coatings that bind 
the analyte and with the addition of a reporter molecule produce a quantifiable signal for the 
analyte. The latter often consist of immunological coatings with an inherent specificity built 
5 into the coating by an organism's immune response. 

A problem that exists when these coatings are combined with a SERS active surface 
is that the surface becomes less stable. This is particularly true with colloidal suspensions 
Colloidal suspensions are stable because the colloidal particles maintain a strong electrical 
charge through adsorbed ions, m most SERS active systems the colloids are stabilized by 
.0 the adsorption of citrate ion. This creates a strong net negative charge on the particles and 
makes them repel each other in solution. Without this net charge the particles would r^idly 
coalesce into a SERS inactive aggregate of colloidal material. 

When coatings are applied to the active coUoids it is often impossible to displace the 
atrate or if the citrate is displaced the coUoids begin to aggregate and fall out of suspension 
15 m a short time. In some instances it is necessary to add stabilizers of some type to increase 
the lifetime of the colloids; however, over long periods of time the effectiveness of these 
stabilizers may be insufficient. It would be commercially desirable to produce a colloidal 
SERS active system that contains a coating specific for an analyte which had long term 
stability. Such an invention would have tremendous advantage as a quick and easy to use 
20 method for chemical analysis. 

DISCI OSTmf; r^f i^ryj^jjfy^ 

The present invention includes a variety of aspects which may be selected in different 
combinations based upon the particular application or needs to be addressed. In one basic 
fonn. the invention discloses the use of Raman spectroscopy to analyze colloidal particles 
25 that have been specially prepared to have long term stability and to be sensitive to a specific 
analyte or group of analytes. A specific advantage of this approach is that tiie SERS 
phenomenon exhibits a signal from material localized near the particle surface. This 
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precludes the need for removing excess analyte, impurity, or reagent that indicates the 
presence of an analyte from the sample mixture. This aspect combined with the aspect of a 
coated particle with long term stability leads to the invention of a commercially important 
one-step assay. 

5 This invention includes aspects of colloidal preparations that can be stored for long 

periods of time and reconstituted to a SERS active suspension. A particularly important 
aspect of this is the amount of colloid is determined very accurately though a volumetric 
delivery of known concentration or delivery of a known mass of colloidal suspension. The 
mass delivery is enabling to an assay since a large mass of diluted colloid can be used to 

10 accurately deliver a small amount of colloid into a sample chamber. 

The preparation of the colloidal assay potentially includes pretreatment of the sample 
chamber to prevent the colloidal particles from binding to the surface or each other. This 
aspect may also include the use of a sample container that naturally possesses the ability to 
contain the colloids without affecting their ability to be reconstituted, 

15 The configuration of the test materials in the sample container is an important aspect 

of this invention. Many of the assays covered under this invention will use reagents that 
should be added in a sequential fashion. This could be carried out with a one-step addition 
of sample if the different reagents are placed in matrices that control their rate of release, 
though in many cases controlled release may not be necessary. 

20 The invention also includes aspects of the colloid particle nature that allow a coating 

to easily displace a prior coating on the colloid formed during preparation that is present for 
stability. 

In keeping with our goal of designing an assay system that has long term stabiUty 
such that a pretreated assay could be produced for the customer for later use, the invention 
25 includes a sample container design that incorporates these features. Assays are typically 
performed both individually or multiply. Multiple assays have an advantage that many of 
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the stq,s mvolved m the assay can beperfonnedinparaUel thus decreasing the time of assay 
This invention describes a sample chamber that can be easily fabricated in a multi sample 
format. Additionally, as our assay takes special advantage of the SERS effect to produce a 
one-step assay the sample containers can be sealed to prevent contamination of the sample 
or, more importantly, prevent potential spread of the sample which may be hazardous to the 
testing personnel or facility. 



NaturaUy. further objects of the invention are disclosed throughout other areas of the 
specifications. 



•0 PRIEF DRSrHIPTTOlV OF T HE PR A WT1vrf-.g 
FIG. 1 

Example of a prototypical desiccated colloid assay. The assay preparation begins 
with the addition of metal particles to the sample container. The particles are then coated 
with the molecule specific coating or a coating material. This is followed by drying the 

.5 molecule specific coated metal particles a desiccation stage. At this stage additional 
reagents or a sample may be added for the analysis. For example, a reporter may be added 
and a second desiccation performed. After the final desiccation the sample container may 
be stored for long periods of time prior to reconstitution with the sample. After reconstitution 
with the sample the analysis is perfomied by acquiring a Raman spectrum of the material in 

20 the sample container such as by subjecting to a laser and sensing scattered light or the Uke.. 

FIG. 2 



The instnjment for the analysis may appear as in Figure 2. The sample is added by 
a volumetric or mass addition or apipette to the sample containers to i^nstitute the analysis 
material. Over time (displayed horizontally) the analysis material is reconstituted and 
25 mteracts with the analyte. After a sufficient amount of time it is read as a Raman spectrum 
by a Raman System. 
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The data from an analysis may appear as in Figure 3. This figure contains Raman 
spectral data for a sandwich type immunoassay of Polychlorinated Biphenyl (PCB) in 
wavenumber vs. counts/SEC format. In this case, the bottom antibody was polyclonal 
5 Specific to PCB and a nonspecific antibody (BSA) tagged with reactive blue on top. The 
spectra consist of many peaks that correspond to the dye material conjugated with the 
reporter antibody. This figure shows an insert that expands the spectral region around 700 
to 800 cm ■^ The numbers to the right of the insert (39, 625, 2500, 5000) report the 
concentration of PCB in the sample used to reconstitute the coated metal particles. It is clear 
10 that the signal of the dye attached to the reporter antibody increases with increasing 
^ concentration of PCB. 

FIG. 4 

A chemometric model of the data from Figure 3 is shovra in Figure 4. The plot in 
Figure 4 was created with a chemometric algorithm described as PLS in actual concentration 

15 (ppt) vs. predicted concentration (ppt) form with the latter on the vertical axis. The plot 
consists of predicted concentration of PCB vs actual concentration. The value reported 
at the top of the figure relates to how well the predicted concentration correlates with the 
actual. In this case, the correlation is near perfect (1.000 would be perfect). This indicates 
a very good model. The precision of the model is reported as the SEC (Standard Error of 

20 Calculation). The SEC in this case is excellent (126 pptrillion). 

FIG. 5 

Diagram of a colloidal immunoassay with an antibody attached to a colloid. This is 
followed by attachment of the antigen. Finally the attachment of a reporter (dye-tagged 
antibody) on top. 

25 FIG. 6 
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A possible improvement on the common sandwich assay. In this case, the antibody 
is fragmented with Pepsin to produce a pair of (fab')s. The figure also shows reduction. 
These might be added to a metal particle solution to produce a fab' coated metal particle. 
The potential advantage may be close proximity to the metal surface, and therefore, a larger 
s surface enhancement. 

FIG. 7 

Another example of a desiccated metal assay. In this case, the reactive coating is not 
immunological. It is a reactive chemical species that is capable of reacting with the analyte. 
The analyte is detected as the new chemical species on the surfece. In many cases it will be 
1 0 desirable to design the coating such that it produces an analyte adduct that will be resonantly 
enhanced. 

FIG. 8 

Potential readout schemes for assays with desiccated colloids. Lower left represents 
a sequential readout scheme where each sample container is read individually perfa^s using 
15 a fiber optic raman probe. Upper right shows a scheme by which all samples of a 
multisample container could be read simultaneously perhaps with a tunable filter Raman 
probe and a digital camera. The second scheme could provide a significant advantage with 
respect to the time of assay. 

FIG. 9 

so An example of laser damage causing an irreversible loss of signal on desiccated 

colloidal silver (left, bad). This indicates that a sample consisting of a two-dimensional 
layer of colloids or a solid metal surface is not suitable for use as an assay with continued 
laser damage shown at the arrow. Conversely when reconstituted as a particle suspension 
as the right, good plot shows, the signal from the reconstituted colloid briefly increases and 

5 levels off to a constant value without laser damage, the reconstitution phase shown at the 

9 
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arrow and the constant signal phase shown at the more constant upper level. 

OKTAn^ED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

As can be easily understood, the basic concepts of the present invention may be 
embodied in a variety of ways. It involves both techniques as well as devices to accomplish 

5 the appropriate technique. In this application, the techniques are disclosed separately and as 
part of the results shown to be achieved by the various devices described and as steps which 
are inherent to utilization. They are simply the natural result of utilizing the devices as 
intended and described. In addition, while some devices are disclosed, it would be 
understood that these not only accomplish certain methods but also can be varied in a number 

10 of ways. Importantly, as to all of the foregoing, all of these facets should be understood to 
be encompassed by this disclosure. 

Application of the detection method will involve a number of steps, each of which 
may have certain characteristic features, depending on the specifics of the application. The 
overall process is illustrated diagrammatically in Figure 1 . A source provides radiation that 

15 is altered by the sample, the radiation is transmitted to the sample by an optical path, the 
sample is interrogated through a probe, the probe may contain an internal reference, the 
modified radiation is transmitted back though an optical path, the modified radiation is 
analyzed through an optical analyzer, it is detected by an optical transducer, the output of the 
optical transducer is analyzed with a data processor and reported as information to the user. 

20 Aspects of each of these steps are detailed below. 



The analysis can be thought of as beginning with a source of radiation. The source 
must have certain characteristics. These are a narrow bandwidth and a high degree of 

10 



MODES FOR CARRYING OUT THE INVENTION 



Source 
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brightness. The narrow bandwidth is needed as the measurement is made by measuring small 
energy changes in the source. These are manifest as bands of radiation at lower energy than 
the source energy and can only be observed as bands if the source itself is composed of a 
narrow bandwidth. 

5 The amount of light that is modified by the sample is a small fraction of that incident 

on the sample. In order to detect this light with any degree of accuracy the source must be 
fairly bright. Currently, these characteristics of the source are almost exclusively fulfilled 
by the use of laser light as the source. One could, however, envision a source composed of 
a very bright polychromatic or monochromatic radiation output that could be filtered to 

0 produce a degree of monochromacity and focussed to produce a usable brightne 



less. 



Optical Path 

The optical path describes a means to transmit the source radiation to the sample and 
to collect the modified radiation from the sample and transmit it to a spectral analyzer. 

The light can be transmitted to the sample by two means: a beam of light, or light 
contained in a waveguide. The light beam is produced by an optical transducer designed to 
transmit light &om a source, usually a lasa-, over a distance to the sample. In between the 
transmitting transducer and the sample there is usually one or several optical transducers that 
transfonn the transmitted beam into a focussed spot at the sample. In addition, there is often 
a filter to remove spurious features prior to sample excitation. 

After excitation the source radiation is modified by a shift to longer wavelengths, a 
different spatial distribution, and the amount of modified radiation is very small in 
comparison with the original source. This light is collected by a collection optical transducer 
and sent to the spectral analyzer. Often, prior to sending the light to the spectral analyzer, 
it is filtered to remove residual source radiation. This reduces or eliminates the formation of 
spurious features in the path to the spectral analyzer. Prior to the spectral analyzer there is 
often a focussing transducer that efficiently couples the light into the spectral analyzer. 
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The use of waveguides usually includes the optical elements described above. The 
waveguides are often in the form of an optical fiber. These simplify mechanical design by 
containing and transmitting beams without the need for a well defined linear optical path. 
In many cases the waveguide acts as the entrance slit to the spectrograph and thereby defioies 
5 the spectral resolution of the system. 

Colloids 

As described in our background section many methods exist for enhancing Raman 
scattering by means of the SERS effect. This application utilizes these substrates as a means 
of enhancing a signal firom a coating material. Of the possible SERS methods colloids 
1 0 perh^s show the greatest potential. 

Colloids are small particles that can remain suspended in solution long enough for an 
analysis to be made. Several aspects of colloids make them the system of choice for an 
analysis using coatings. First, a viable SERS analysis system must have a SERS substrate 
that is reproducible. The irreproducibility of the SERS system limits the precision of the 

15 measurement. Planar SERS substrates such as an electrode or foil are very difficult to 
impossible to make reproducibly. Colloids on the other hand are made by chemical reactions 
on a very large scale and it is possible to make a batch of colloids that could last a very long 
time and have excellent consistency firom sample to sample. Furthermore, as the procedure 
uses large amounts of materials it is easy to reproduce the procedure to have very good batch 

20 to batch consistency. 

In addition to consistent enhancement by a batch of colloids, it may in some cases 
be essential to have the same amoimt of colloid in each sample container. This may be done 
by weighing a dried colloid preparation or a centrifiiged slurry. However, the amount of 
colloid required for each sample is very small and weighing would lead to inaccuracy. This 
25 invention describes an enabling method for depositing a known amount of colloid in each 
well. This could be done by adding a known volume of colloidal suspension and drying the 
suspension. The significance of this can be seen fi^om a calculation. We use 90 mg of silver 
nitrate to 500 mL of water to make the colloid. A 5 nL sample container will take 900 ng 

12 
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5 



of colloid. It is difficult to impossible to weigh out 900 ng. but the volumetric addition of 
5 can be perfomaed accurately. 

As this invention describes the uses of a coated colloid for analysis, it may be 
necessary to fabricate colloids that can easily accept a coating. The colloids remain stable 
in suspension due to their coating of charged material. The ease or difficulty with which this 
material can be displaced varies with the type of coUoid preparation. This invention 
describes the use of colloidal preparations that may produce particles with weakly bound 
charged material that can be displaced by our coating material. 

Colloids also have an advantage of heat dissipation and continual replacement. SERS 
10 measurements are made difficult and are limited by the amount of radiation that can impinge ^ 
on the surface before damage is done by localized heating or a photochemical process. Since 
colloids are suspended in a solution they can withstand quite high laser powers without heat 
damage. The three dimensional solution matrix very effectively removes heat. 

Additionally, one of the mechanisms by which colloids stay in solution is through 
1 5 Brownian motion. Brownian motion describes the random motion of particles in a solution 
or gas by collision with solution or gas molecules. In the case of colloids, this means that 
they are constantly moving and will move in and out of the laser beam during the analysis. 
This continually refreshes the sample in the beam and in effect reduces the possibility of 
signal deviation due to photoeffects. 

20 Colloids are stable for a period of time due to their electrostatic charge. This charge 

is of the same polarity for each colloid and keeps them from aggregating with each other. 
Colloid suspensions do not always exhibit long-term stability, however; aggregation or 
association of the colloids may occur to give particles that do not give the SERS effect, that 
give a greatly weakened SERS, or that may precipitate. For this reason stabUizers are 

25 sometimes added to the liquid colloid suspaisions to decrease this tendency to associate, as 
described in Tarcha et al. (5,266,498). 



13 
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In addition to the attractive features of colloids discussed above, colloid suspensions 
have unattractive features. Liquid suspensions of colloids may be impractical for many 
purposes of commercial importance. If a container having a colloidal suspension is tipped 
or turned over, some of the colloids will coat the walls or lid of the container. If a sample is 

5 then added to such a container, the amoimt of colloids or coated colloids that the sample 
encounters will be different than that in a container that has not been tipped, or has been 
tipped to a different degree. This variability may lead to poor estimates of the amounts of an 
analyte present in the sample, and poor reproducibility. Since tipping and agitation are likely 
to be encountered in shipping of any kind, this liquid-like behavior of the colloids is 

10 undesirable. 

Those famihar with the use of surface enhanced Raman spectroscopy have attempted 
to avoid the problems associated with the liqviid suspensions of colloids in a number of ways. 
These include immobilization of the colloids in a sol-gel matrix and immobilization on a 
number of types of surfaces, including cellulosic materials and glass. However, while these 

15 methods solve many of the problems assorted with transport and handling of colloids, they 
suffer from other problems: diffusion in sol-gels may be slow and/or nonuniform, while 
immobilization on a surface requires careful focusing to obtain spectroscopic measurements 
of good quality. All of these types of immobilization also suffer from the problems of 
localized heating due to irradiation during focusing and acquisition of the spectrum; this 

20 localized heating is avoided in suspensions of colloids in liquids. 

If the liquid colloid suspension could be partially or completely desiccated to give a 
residue that was substantially immobile, the transport and handling problems associated with 
liquid suspensions can be avoided, since tipping or shaking would not likely result in 
dispersing the colloids on the interior of the sample container in a random fashion. 
25 Reconstitution of the colloid with a liquid would then give back a colloid suspension having 
all of the advantages associated with the original preparation. 

Workers in the field of analytical chemistry and analytical chemistry as applied to 
surface enhanced spectroscopic techniques involving colloids have not taken advantage of 
the benefits that can be afforded by desiccated colloids. This is because it is common 
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knowledge that desiccating a colloid irreversibly alters the desirable characteristics that make 
the colloids useful for surface enhanced spectroscopic analysis techniques. This irreversible 
alteration results from the association and aggregation of colloids that occurs when water is 
largely removed from the suspension. The resulting silver particles usually exhibit no, or 
5 extremely reduced surface enhancing spectroscopic characteristics. The outer, charged 
surfaces of colloids also promote their adhesion to the surfaces of containers commonly used 
for the SERS measurements. This problem can be even more severe for colloids coated with 
analyte binding agents (for example, antibodies); thus, while some colloids are prepared by 
a process which involves filtering the colloids to, or near dryness, and then reconstituting 

10 with a liquid, colloids which are coated with many substances cannot be successfully 
reconstituted. The fact that desiccation of colloids, and especially colloids coated with 
binding agents, destroys their desirable characteristics is so well known that even workers ( 
accustomed to stabilizing liquid colloid suspensions, and who are aware of the 
immobilization of colloids in sol-gels and on surfaces have not apparently attempted to 

15 produce desiccated colloids 

One key to this invention is the use of a sample container coating that prevents tight 
adherence of colloids and colloids coated with binding agents to the surface of the container. 
Such coatings may be hydrocarbons that do not adh^ strongly to colloids. For example, a 
paraffin material has been used as a coating for a sample well for drying colloids. Other 

20 examples include oxygenated analogs of hydrocarbons (such as polyethers and polyalcohols), 
organosilicon species and their oxygenated derivatives, as well as halocarbons, including 
perfluorocarbons such as Teflon. In some cases it may be possible to avoid the necessity of ^ 
prior coating of the container by including the reconstitution agent with the suspension of 
colloid and desiccating the mixture. It may be possible to use coatings on the surface of the 

25 container which possess the same type of charge (usually negative) as that on the colloids so 
as to repel the colloids from the surface. 

It may also be desirable to place the colloidal particles in a matrix that prevents 
aggregation. Such a matrix might be a gelatin like material that does not allow rapid motion 
of the colloids, but which can be easily dissolved by the reconstituting liquid. Another 
30 example might be an enzyme digestible matrix to contain or support the colloids. In this 
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case, the enzyme could be added with the sample or dried into the sample container in such 
a way that it is activated by the sample. The key difference between these matrix stabilized 
colloids and other methods of stabilizing colloids (in so^gels or on surfaces) is that the 
matrix is dissolved upon reconstitution with a liquid, so as to return the colloid to it's 
5 solution-like behavior. 

It may also occur that the process of coating the colloids with the analyte specific 
coating will naturally produce colloids that can be dried and reconstituted without the 
addition of a matrix or the use of special sample containers. Colloids may be coated with an 
inert coating to prevent aggregation without a special matrix or sample container. Such 
10 coatings whether analyte specific or not would be included as enabling technology in this 
^ patent. 

The ability to dry and then reconstitute colloids having a wide variety of siuiaces 
enables a sample container or plate (collection of sample containers) to be prefabricated with 
colloids or modified colloids. For example the current 96 well or higher microwell plates 
15 could be modified for use with the assays described in this invention. Such a prefabricated 
sample or plate could be stored for extended periods of time and then be reconstituted by 
addition of some liquid which contained an analyte of interest, or through sequential addition 
of some liquid followed by the analyte itself, or the analyte dissolved in some liquid. 

^ 20 Sample Container 

The sample container in this case constitutes a container that contains a SERS surface 
and into which the sample is placed. Most likely the sample container will contain a coating 
of dried colloidal particles and may contain a film of dried modified colloidal particles or 
powdered modified or unmodified colloidal particles. 

25 Several unique aspects of the sample container are contained in this invention. Many 

of the applications that this invention will address are testing of biohazardous materials or 
toxic chemicals. Most current methods of analytical chemistry for these samples require 
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Steps to wash away excess reagents. This washing step amplifies the amount of hazardous 
waste and exposes workers to hazardous materials. The invention described herein utilizes 
the SERS effect to make the assay specific to material present at the SERS surface and, 
therefore, does not require material fi-om solution to be washed away. This is a very 
5 significant advantage and can be further enhanced by the design of a sample container that 
takes advantage of the no wash benefit. 

The sample container in this invention will contain the possibility of a cover to 
prevent transference of material to the invention operator or the environment around the 
device. The cover may be composed of a material that can be penetrated by a device to place 
1 0 the sample into the sample container, but which does not allow material to leave the sample 
container. For example, a simple septum type cover would serve this purpose. Other 
possibilities might be a gel material that is easily penetrated by the sample injection device. 



The sample container may consist of a material that allows the dried colloidal 
particles to be reconstituted. Materials such as teflon or what is generally classified as low 
1 5 energy surfaces have been shown to possess this characteristic. 

Similarly, the sample container may be coated with a material that allows the 
colloidal particles to be reconstituted. Typically, sample containers are plastics such as 
polystyrene. We have found that such containers tend to not release a dried colloidal 
suspension when a reconstitution is attempted. However, coatings such as teflon or 
20 hydrocarbon coating do allow the colloidal particles to become firee fi-om the surface. 

Sers Coatings 



The SERS coatings in this assay describe material that are coated onto the SERS 
substrate to bring the material that is to be detected into close proximity with the SERS 
surface. These coatings include passive coatings that simply attract the analyte to the 
25 surface, active coatings that change their Raman spectrum in the presence of the analyte, 
reactive coatings that bind the analyte to form a new surface coating that may be 
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characteristic of the analyte, and sandwich coatings that bind an analyte to form an adduct. 
The adduct is then detected by the addition of a reagent that caps the adduct and which 
contains a Raman active group for identification and quantitation, or addition of a reagent or 
substance which changes or enhances some spectroscopic feature present in the analyte or 
5 in the surface coating (e.g., fluorescence quenching or enhancement). 

These coatings can be applied to the surface by any means that cause reasonable 
adhesion. A preferred method would be to use a chemical group that strongly binds with the 
colloidal material. For example, a sulfur group (thiol or disulfide) is known to bind strongly 
and has been used to produce coatings on SERS substrates. 

10 Assay Methods 

Assays can be performed with this invention by the addition of the sample to a sample 
container that contains a film of dried colloid or dried modified colloid. This enables the 
manufacturer of the sample containers to make a one-step assay kit requiring only the 
addition of the sample and reading by the optical analyzer, or the sequential addition of a 
15 liquid which may or may not include buffers or compounds which may enhance binding of 
the analyte, followed by the addition of analyte. 

A potential advantage of this invention is a scheme for timed release of reagents. 
This allows reactions and assays to be performed with a one-step addition of sample, yet 
maintain a sequential addition of reagents. For example, one could have a slow release 
20 reporter in a sample container of antibody on colloid. The sample addition leads to binding 
of antigen with the immobilized antibody on colloid, and this is followed in time by the 
release of reporter and binding of reporter on top of the antigen/antibody complex. In other 
embodiments of this invention, controlled release may not be necessary. 



This is contrasted by the current methods which require multiple steps to remove 
25 sample impurities and excess reagents for an assay. This advantage comes from the unique 
surface localized signals from the SERS effect and the use of dried colloids described in this 
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^pUcation. If the coUoids are not dried for long term storage, their stability is not such that 
a one-step device would be possible. Since this invention is capable of using the sample to 
reconstitute the colloids, there is no dilution of the colloids by the sample, although this one 
step procedure may not in all instances be preferred. 



5 



Several assay methods are discussed in the examples section of this application. 
Assays typically involve colloids pretreated with a molecule specific coating. In the case of 
a passive coating this may be a coating such as propanethiol. The propanethiol covers the 
surface and creates a hydrophobic coating on the colloid. This follows the chemical principle 
of like attracts like and, therefore, the coating attracts hydrophobic molecules such as 
10 aromatic hydrocarbons. Similarly, an antibody coating could be used to bind an analyte and 

the presence of the analyte could be detected by analyte related changes in the spectrum. ^ 

Active coatings can be used as an assay for materials such as illicit drugs. In this 
case, a coating might have a similar chemical structure as the analyte with an opposite charge 
to promote ion-pairing. Detection of the analyte is made through changes in the Raman 
1 5 spectrum of the coating. Another possibility might be a coating that can coordinate with 
metal ions to fomi a new coating material. Again, the metal ion can be detected by changes 
in the Raman spectrum of the coating. Simflarly, an antibody coating could be used to bind 
an analyte and changes in the spectrum of the antibody used to detect the presence of the 
analyte. 

20 Reactive coatings can be used as an assay for reactive materials such as bilirubin. 

Reactive coatings contain a group that is reactive toward a specific molecule or class of 
molecules. One such coating is a molecule containing a reactive diazonium. This coating 
can form a covalent adduct with a specific class of analytes that have electron rich sites. The 
product is an adduct that contains structural features of the original analyte that can be used 

25 for identification and quantification. 

Sandwich coatings can be used with this assay to detect a plethora of toxic materials 
or biologically significant materials. A typical sandwich assay involves binding the analyte 
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with a molecule specific coating on the colloid to form an adduct on the colloid. One could 
detect the analyte at this point through its spectrum or its affect on the coating as described 
above under "active coatings". Greatly improved sensitivity can be achieved by attaching 
a second coating that is bound to the antibody/antigen complex and is detected with particular 
5 ease by the optical source. The second coating may be described as a reporter as its function 
is to announce the presence of the analyte bound to the colloid. This assay makes it possible 
to detect a weak Raman scattering analyte through a strongly scattering reporter. This effect 
would be especially strong when using a reporter which is in resonance with the optical 
source (see below, in "Resonance Raman"). This type of assay greatly benefits jfrom this 
10 invention as excess reporter that in other assays needs to be washed from the sample does not 
need to be removed in this case since this invention uses SERS which only observes reporter 
^ in close proximity with the surfiEtce. Analytes may also be detected by measuring their effects 

on the binding of an analyte analog which is configured so as to be detected with particular 
ease. 

15 In this context, an analyte analog should be imderstood as including a variety of 

molecules and molecule types. It may incorporate structural features that allow it to be boimd 
by an analyte responsive surface in the same, or nearly the same fashion as the analyte itself.. 
In addition, the analyte may most commonly incorporate some spacer group or series of 
atoms that connect it to another subunit that has distinctive spectroscopic features. This latter 

20 subunit may be referred to as a spectroscopic marker, and the analyte can be said to be 
^ "tagged" by the spectroscopic marker. In many instances this spectroscopic marker may be 

a dye molecule, though this does not need to be the case. When the spectroscopic marker is 
a dye molecule, the analyte analog may even be referred to as a dye-tagged analj^e. Further, 
in any embodiment, it should be understood that the marker can be included at any 

25 appropriate point in the system. Thus, by use of the term "associated", it should be 
understood to encompass any appropriate type of inclusion whether on the analyte, analyte 
analog, antibody, or other type of element. Even though the marker may be literally attached 
to some other element, it should still be understood as being "associated" with some other 
element. 
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In the case of an immunological assay several configurations are possible. These are 
explicitly described by some of our examples. For example, immunological assays are often 
amenable to a sandwich configuration. The first coating may be specific. A specific coating 
will bind a specific analyte or class of analytes. The top coating could then be a specific or 
nonspecific coating tagged with a resonantly enhanced dye. In the case of a nonspecific top 
coating this would represent a significant cost savings as nonspecific antibodies are less 
expensive than specific antibodies. Alternatively, the first coating could be nonspecific. This 
would allow it to bind a range of analytes. The second coating could then be a specific 
antibody tagged with a rq)orter. The advantage would be a product that could be used for 
a variety of tests, or, by having different reporter tags for a battery of specific antibodies, one 
could make a multiple assay in one sample container. Another possibility is a mixture of 
colloids treated with a variety of specific antibodies for various tests and a nonspecific 
reporter to announce the presence of analytes at the bound specific antibodies. Although tiie 
description above has focussed on immunological assays, it should be understood that the 
same principles apply to other types of coatings which involve specific interactions between 
either a top or a bottom coating of an analyte, regardless of whether the interaction with the 
complimentary bottom or top coating is ^ecific or nonspecific. 

Competitive assays are included in this invention. A competitive assay may be of the 
form of a coating with an afiSnity for a specific analyte or class of analytes. Prior to analysis, 
or as preparation of a pretreated plate, the coated colloids may be treated with an analyte that 
has been tagged with a reporter. This will, in the absence of analyte, produce a strong signal 
fi-om the reporter. When an analyte is present, it will displace the bound reporter through an 
equiUbrium mechanism and the signal will decrease in proportion to the amount of analyte 
present in the sample. This technique is known in immunoassay. However, it has a special 
significance in SERS analysis as the signal in SERS is stix>ngly dependent on the distance 
&om the surface (colloidal particle) and the reporter. Therefore, a competitive assay which 
uses the SERS methods described in this invention will benefit strongly fi-om this 
spectroscopic method. Additionally, former methods of competitive assay could not 
distinguish between the captured reporter and that displaced by the analyte. The SERS 
method is sensitive to only the captiired reporter and will not require washing. As described 
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earlier, this is an enabling advantage with respect to automation and the prevention of waste 
enhancement through washing. 

As a person of ordinary skill in the art would readily understand, it should be clear 
that to accomplish this method a variety of steps are possible. Orders and types of steps are 
5 intended to be encompassed by this disclosure. For example, the steps of desiccation, 
reconstitution, addition/interaction with an analyte analog, and addition/interaction with 
analyte all may be varied in numerous ways. Several of the potential possibilities include: 
a) adding analyte analog, then desiccating, then reconstituting with a liquid, then 
illuminating, then adding analyte, then illuminating; 
10 b) adding analyte analog, then desiccating, then reconstituting with a liquid, then 

adding analyte, and then illuminating; 

c) adding analyte analog, then desiccating, then reconstituting with analj^e in liquid, 
then illuminating; 

d) desiccating, then reconstituting with liquid, then adding analyte analog, then adding 
15 analyte, then illuminating. 

e) desiccating, then reconstituting with liquid, then adding analyte analog, then 
illuminating, then adding analyte, then illuminating; 

f) desiccating, then reconstituting with analyte-analog containing liquid, then 
illuminating, then adding analyte, then illuminating; 

20 g) desiccating, then reconstituting with analyte-analog containing liquid, then adding 

analyte, then illuminating; 

h) desiccating, then reconstituting with analj^e containing liquid, then illuminating, 
then adding analyte-analog, then illuminating; 

i) desiccating, then reconstituting with analyte containing liquid, then adding 
25 analyte-analog, then illuminating; 

j) desiccating, then reconstituting with liquid, then adding analyte and analyte-analog, 
then illuminating; 

k) desiccating, then reconstituting with liquid, then adding anal>rte, then adding 
analyte analog, then illuminating; 
30 m) desiccating, th&a reconstituting with analyte and analyte analog in liquid, then 
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illuminating; and 

n) desiccating, then reconstituting with liquid, then adding analyte, then illuminating, 
then adding analyte analog, then illuminating; 

Resonance Raman 

An important opportunity for unprecedented sensitivity is created by this invention. 
If the active, reactive, or sandwich assay converts a weakly scattering analyte into a 
resonantly enhanced adduct or complex, the sensitivity will be greatly enhanced. Resonance 
enhancement occurs when the molecule being excited by the source has an electronic 
absorption at the wavelength of the source. 

For example, a reactive coating with a diazonium group may not possess an 
absorption that produces a resonance enhancement at the source wavelength. The analyte 
may also not have an absoiption at the source wavelength. However, the product of the 
reactive coating with the analyte could have a strong absoiption at the source wavelength. 

Another possible sandwich assay would be to bind an antigen to a colloid. An 
15 antibody could then bind to the antigen and the reporter could be a dye tagged antigen. 
Applications of this assay would be to test for the presence of antibodies to an antigen. The 
presence of antibodies would be seen as indicative of past exposure to the antigen. 

Multiple Assays 

The invention creates the possibility for multiple assays. This is possible if a range 
20 of analytes produce a unique Raman spectnmi for each analyte for a given modified colloid, 
or if a range of modified colloids are employed. 



In the case of a sandwich assay, a molecule-specific reporter can be tagged with 
Raman active molecule that has a unique spectrum. A set of specific reporters, each with 
unique tag. could produce a multiple assay for a given sample. 
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Blanks 

One undesirable aspect of sandwich assays is that often the blank (a sample which is 
known to not contain analyte) does not fit on a line describing response and concentration. 
The origin of the blank discrepancy is not proven, but most likely results from a 
5 rearrangement or conformation change of the initial coating that binds the analyte. The result 
is that blanks give a greater response than a sample that contains a small amount of analyte. 

This invention describes a method by which the problem with blanks can be 
corrected. The one-step aspect of the assay allows one to add a small amoimt of analyte to 

( 

^ each sample container. This will place a blank on a straight line and prevent the possibility 

10 of a negative assay appearing as a false-positive. 

Optical Analyzer 

The energy of the Raman scattered light is determined by an optical analyzer. Two 
forms of analyzers are possible. One is based on interference of the scattered light with itself. 
This type of analysis is commonly known as interferometric analysis. This can be produced 
15 by a moving mirror or by spatially interfering the light beam. The second method of 
analyzing the Raman scattered Ught is through dispersion of the light by prisms or gratings. 

( 

There are fundamental differences between these two methods. However, both could 
be used for the assays described in this invention. The interferometric methods tend to use 
long wavelength laser sources due to the noise requirements of the detector. This 
20 significantly reduces the amount of Raman scattering. However, it may be a means to reduce 
inherent fluorescence in a sample. 

The dispersive method does not have the constraint of long wavelengths. This tends 
to lead to a much better precision, accuracy, and duty cycle of the measurement. Near 
infrared diode lasers function very well with dispersive systems, provide rejection of 
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fluorescence, and are compatible with optical paths composed of fiber optics. 
Detector 

The optical transducer is any device which converts light into an electrical signal. 
Common transducers are photomultiplier tubes, diode arrays, charge coupled devices (CCD) 
5 and charge injection devices (CID). Currently, the most common detector for Raman 
spectroscopy is the CCD device. This is popular since it has high efficiency, low noise, and 
allows one to acquire a complete spectrum at once. 

The abiUty to collect a complete spectrum at once plays a crucial role in this 
invention. Since the invention includes monitoring several Raman features (at least one for ^ 

10 the sample, perhaps more for multiple assays, and perhaps one for an internal standard), it 
is important to be able to measure these bands simultaneously. This can be achieved by 
moving the wavelength selective element in the optical analyzer or by using an optical 
transducer that analyzes several wavelengths simultaneously. The motion of the selective 
element requires moving parts in the system. This can be detrimental to the ruggedness of 

15 the assay device. The alternative to immobile parts is afforded by the multichannel detector 
is, flierefore, the preferred configuration. 

Analysis 

_ . ( 
The signal fix)m an assay takes the fomi of a Raman peak or series of Raman peaks. 

The intensity of these peaks or the area is proportional to the concentration of analyte on the 
20 surface. In turn, the concentration of analyte on the surface is proportional to the amount of 
material in the sample. 

The amount of material in the analyte can be quantitated with a caUbration formed 
by measuring the intensity or area of the peak or peaks of interest from standard solutions 
and, thereby, forming a calibration curve. A particularly useful alternative to this approach 
25 is the use of Partial Least Squares (PLS). PLS recreates the sample (unknown) spectrum as 
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a multiple of a model spectrum created by the spectra of a series of standards. The 
multiplication factor is proportional to the concentration. 

An internal standard may be used in the analysis to normalize the data. For example, 
the internal standard could be a part of the coating on the colloid or a species in solution. The 
5 sample and standard spectra could be divided by the internal standard to produce a spectrum 
that is invariant to source power, collection efficiency, or other factors that may cause a 
systematic variation in the signal- 
Examples: 
^ Example la 

1 0 Preparation of Silver Colloids: Silver colloids were prepared by a modified procedure 

of Lee and Meisel (Lee, P. C; Meisel, D., J. Phys. Chem., 1982, 86, 3391). Silver nitrate (90 
mg) was dissolved in 500 mL double distilled water, heated to boiling while stirring. A 10 
mL aliquot of an aqueous 1% sodium citrate solution was added. Boiling and stirring were 
continued for 1 hr during which the color of the solution changed from clear pale yellow to 

15 cloudy yellow-green. The colloid suspension was cooled and store in a Nalgene container 
at room temperature. 

^ Example lb 

Preparation of Silver Colloids: Silver colloids were also prepared by a modified 
procedure of Carey-Lea (Carey-Lea, M., Am. J. Sci., 1889, 37, 476). An aqueous 40% 

20 sodiimi citrate solution (130 mL) was combined with 50 mL of an aqueous 30% iron sulfate 
solution. The citrate-sulfate solution was neutralized using a 10% aqueotis sodium hydroxide 
solution. A 15% aqueous silver nitrate solution (50 mL) was placed in a 500 mL fiask. With 
rapid stirring the neutralized citrate-sulfate solution was added to the silver nitrate. Stirring 
was continued for 5 min. The resulting solution was filtered to collect a pioiple-blue 

25 precipitate which is re-dispersed in millipore water. 
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Example Ic 

Preparation of Gold Colloids: Gold colloids were prepared by a modified procedure 
of Frens (Frens. G., Natural Physical Science, 1973, 241, 20). An aqueous 0.0lo/„ 
HAuCl, 3H,0 solution (50 mL) was heated to boihng. To the gold chloride solution was 
5 added 0.20 mL of an aqueous 1% sodium citrate solution. The flask was covered with a 
watch glass and heating was continued for 40 min during which the solution turns purple in 
color. 

Example Id 

Preparation of Silver Foil Surfaces: Silver foil SERS surfaces were prepared by first 
.0 roughening 0.1 mm silver foil (99.9%) with 12 ^m optical polishing paper. Theroughened 
silver foil was then etched in a rapidly stirred 40% nitric acid solution for 10 to 20 sec. The 
etched foil was rinsed first in miUipore water followed by an ethanol : 



rmse. 



Example le 



Preparation of Gold Foil Surfeces: Gold foil SERS surfaces were prepared by first 
'5 roughening 0.1 mm gold foil (99.9o/«) with 12 ixm optical polishing paper. The roughened 
gold foil was then etched in a rapidly stirred aqua regia solution for 10 to 20 sec. The etched 
foil was rinsed first in milUpore water followed by an ethanol 



rmse. 



Example 2 

Preparation of Human Growth Hormone (HGH) Antibody-Dye Conjugates: A 3 mM 
20 solution of erythrosin B isothiocyanate was prepared by dissolving 2.68 mg of the dye in 1 
mL dimethylformamide (DMF). In a 5 mL reaction vessel 5 ^L dye solution was combined 
with 500 jxL of an aqueous solution of HGH antibody prepared by dissolving 800 ^tg of the 
antibody in 1 mL of a 1% NaHCOa solution. The antibody-dye solution was stirred at room 
temperature overnight. The unbound dye was separated from the antibody-dye conjugate 
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solution using gel filtration on a Sephadex-25 column. A final solution of the antibody-dye 
conjugate was prepared using an aqueous 1 % NaHCOj solution for a concentration of 40 
fig/mL. 



Example 3 

5 Preparation of PCB Antibody-Dye Conjugates: In a 5 mL reaction vessel 5 jiL 

erythrosin dye/DMF (3 mM) solution was combined with 20 of an aqueous 1% NaHCOj 
solution of PCB antibody (17 mg/mL) and 0.5 mL aqueous 1% NaHCOj. The antibody-dye 
solution was stirred at room temperature overnight. The unboimd dye was separated firom 
the antibody-dye conjugate solution using gel filtration on a Sephadex-2S column. A final 
10 solution of the antibody-dye conjugate was prepared using an aqueous 1% NaHC03 solution 
for a concentration of 50 jig/mL. 

Example 4a 

Preparation of Bovine Serum Albumin (BSA) Erythrosin Dye Conjugates: A 
conjugate of BS A-erythrosin dye was prepared by combining 10 mg BSA and 80 jiL of 
15 erythrosin dye/DMF dye solution (3 mM) in 5 mL of an aqueous 1% NaHCOj solution. The 
BSA-erythrosin dye solution was stirred at room temperature overnight. The unbound dye 
was separated fi-om the BSA-eiythrosin dye conjugate solution using gel filtration on a 
Sephadex-25 colunm. A final solution was prepared using an aqueous 1% NaHCOj solution 
for a concentration of 33 ng/mL. 



20 Example 4b 

Preparation of Bovine Serum Albumin (BSA) Reactive Blue Dye Conjugates: A 3 
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mM aqueous solution of reactive blue dye was prepared by dissolving 400 mg of dye in 100 
mL millipore water. A conjugate of BSA-reactive blue dye was prepared by combining 21 
mg BSA and 200 mL of reactive blue dye solution (3 mM) in 5 mL of an aqueous 1% 
NaHCOa solution. The unbound dye was separated from the BSA-reactive blue dye 
5 conjugate solution using gel filtration on a Sephadex-25 colmmi. A final solution was 
prepared using an aqueous 1 % NaHCOj for a concenb-ation of 80 Mg/mL. 

Example 5 



Dilution of Anti-Mouse IgG Fluorescein (HTC) Conjugates: Commercially available 
anti-mouse IgG-FITC conjugate is available &om Sigma supplied at a protein content of 5-50 

10 mg/mL. A working dilution was prepared using 20 ML anti-mouse IgG-FITC in 7 mL ^ 
aqueous 1% NaHCOj for an approximate concentration of 14-140 Mg/mL. 

Example 6a 

Human Growth Hormone (HGH) Immunoassay in Glass Vials: In separate 2 mL glass 
vials placed 100 mL HGH antibody/1% NaHCOj (20 ng/mL). To each vial containing 

15 antibody was added 1 00 nL HGH antigen/l'/o NaHCOj. The concentration range of HGH 
antigen was 0.5 ng/mL to 1000 ng/mL. The vials containing antibody-antigen were 
incubated at 37°C for 1 hr, followed by addition of 100 mL HGH antibody-dye conjugate 
solution (Example 2) to each vial. Incubation was continued for an addition hour at 37°C 
after which 0.3 mL sUver colloid (Example la) was added to each vial. SERS spectra were ^ 

20 collected for each vial. 

Example 6b 

Human Growth Hormone (HGH) Immunoassay in Polystyrene Microwell Plate: In 
separate 300 mL microwells placed 50 mL HGH antibody/1% NaHCOj (20 ng/mL). To each 
well containing antibody was added 50 mL HGH antigen/1% NaHCOa- The concentration 
25 range ofHGH antigen was 0.5 ng/mL to 1000 ng/mL. The microwell plate containing 
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antibody-antigen was incubated at ZTC for 1 hr, followed by addition of 50 \xL HGH 
antibody-dye conjugate solution (Example 2) to each well. Incubation was continued for an 
addition hour at 37°C after which 100 jiL silver colloid (Example la) was added to each well. 
SERS spectra were collected for each well. 

5 Example 6c 

Human Growth Hormone (HGH) Immunoassay in Glass Vials: In separate 2 mL glass 
vials placed 0.3 mL silver colloid (Example la) and 100 ^iL HGH antibody/1% NaHCOa (20 
fig/mL). The vials were then incubated at 37°C for 1 hr. To each vial containing silver 
colloid/antibody was added 100 |iL HGH antigen/1% NaHCOa- The concentration range of 
10 HGH antigen was 1 ng/mL to 200 ng/mL. The vials containing silver colloid/antibody- 
antigen were incubated at 37°C for 1 hr, followed by addition of 100 jiL HGH antibody-dye 
conjugate solution (Example 2) to each vial. Incubation was continued for an addition hour 
at 3TC after which SERS spectra were collected for each vial. 

Example 6d 

15 Hmnan Growth Hormone (HGH) Immunoassay in Teflon Coated Microwell Plate: 

In separate 300 \xL teflon coated microwells placed 50 HGH antibody/1% NaHCOj (20 
fig/mL) and 50 mL silver colloid (Example la). The microwell was placed in 37°C incubator 
overnight. To each well containing desiccated antibody/silver colloid was added 50 jiL HGH 
antigen/1% NaHCOa- The concentration range of HGH antigen was 0 ng/mL to 40 ng/mL. 

20 The microwell plate containing antibody/colloid-antigen was incubated at 37®C for 1 hr, 
followed by addition of 50 \xL HGH antibody-dye conjugate solution (Example 2) to each 
well. Incubation was continued for an addition hour at 37°C after which SERS spectra were 
collected for each well. 

Example 7 

25 Polychlorinated Biphenyl (PCB) Immunoassay in Parafilm Coated Microwell Plate: 

In separate 100 \iL Parafilm coated microwells placed 50 \xL PCB antibody/1% NaHCOa (25 
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Mg/mL) and 50 fiL silver coUoid (Example la). The microwell was placed in 37°C incubator 
overnight. To each well containing desiccated antibody/silver colloid was added 50 ^iL of an 
aqueous solution of PCB analyte. The aqueous solutions of PCB analyte were prepared by 
first dissolving 10 ^ig Aroclor 1248 in 1 mL hexane followed by appropriate dilutions using 
5 millipore water and evaporation of the hexane. The concentration range of PCB analyte was 
0 ng/mL (ppb) to 50 ng/mL (ppb). The microwell plate containing antibody/coUoid-analyte 
was incubated at 37°C for 30 min. followed by addition of 50 »iL PCB antibody-dye 
conjugate solution (Example 3) to eachwell. Incubation was continued for an additional 30 
min at 37°C after which SERS spectra were collected for each weU. 

10 Example 8 

Polychloiinated Biphenyl (PCB) Immunoassay in Parafihn Coated Microwell Plate: 
In separate 100 ^L Parafilm coated microweUs placed 50 ^L PCB antibody/1% NaHCOj (25 
jig/mL) and 50 silver colloid (Example la). The microwell was placed in ST^C incubator 
overnight. To each well containing desiccated antibody/sUver colloid was added 50 jiL of an 

15 aqueous solution of PCB analyte. The aqueous solutions of PCB analyte were prepared by 
first dissolving 10 ng Aroclor 1248 in 1 mL hexane foUowed by appropriate dilutions using 
millipore water and evaporation of the hexane. The concentration range of PCB analyte was 
0 ng/mL (ppb) to 50 ng/mL (ppb). The microwell plate containing antibody/colloid-analyte 
was incubated at 370C for 30 min. followed by addition of 50 nL BS A-reactive blue dye 

20 conjugate solution (Example 4b) to each well. Incubation was continued for an additional 
30 min at 37''C after which SERS spectra were collected for each well. 

£xample 9 



Polychlorinated Biphenyl (PCB) Immunoassay in Parafihn Coated Microwell Plate: 
In separate 1 oO jiL Parafihn coated microwells placed 50 jiL PCB antibody/1% NaHCOj (25 
25 ^g/mL) and 50 nL silver colloid (Example la). The microweU was placed in 370C incubator 
overnight. To each well containing desiccated antibody/silver colloid was added 50 ^L of an 
aqueous solution of PCB analyte. The aqueous solutions of PCB analyte were prepared by 
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first dissolving 10 jig Aroclor 1248 in 1 nxL hexane followed by appropriate dilutions using 
millipore water and evaporation of the hexane. The concentration range of PCB analyte was 
0 ng/mL (ppb) to 50 ng/mL (ppb). The microwell plate containing antibody/colioid-analyte 
was incubated at 37°C for 30 min, followed by addition of 50 nL anti-mouse IgG-FITC 
5 conjugate solution (Example 5) to each well. Incubation was continued for an additional 30 
min at 37°C after which SERS spectra were collected for each well. 

Example 10 

Polychlorinated Biphenyl (PCB) Extraction from Soil Immunoassay in Parafilm 
Coated Microwell Plate: Standard solutions of Aroclor 1248 (PCB) were prepared by 

10 dissolving the PCB in hexane. To each standard PCB solution was added a known weight 
of oven-dried soil. The soil/PCB samples were stirred vigorously for 30 min followed by 
evaporation of the hexane solvent. To each dried soil sample was added 2 mL hexane and 
2 mL millipore water. The samples were stirred for 30 min then centrifuged and the hexane 
transferred to clean vials. This extraction was repeated a second time combining the hexane 

15 transfers. To each hexane vial was added 1 mL of a 1 M FeCla which had been adjusted to 
pH 6 with NaHCOa, then shaken vigorously for 1 min followed by centrifugation. The 
hexane layer was transferred to clean vials then evaporated. The PCB residue was re- 
dissolved in 1 mL of a 1:1 millipore water/mefhanol solution. In separate 100 \iL Parafilm 
coated microwells was placed 50 ^iL PCB antibody/1% NaHCOa (25 iig/mL) and 50 ^L 

20 silver colloid (Example la). The microwell was placed in 37*'C incubator overnight. To each 
well containing desiccated antibody/silver colloid was added 50 jiL of a water/methanol 
solution of PCB soil extracted analyte. The concentration range of PCB analyte was 100 
pg/mL (pptr) to 20 ng/mL (ppb). The microwell plate containing antibody/coUoid-analyte 
was incubated at ST'C for 30 min, followed by addition of 50 \iL BSA-reactive blue dye 

25 conjugate solution (Example 4b) to each well. Incubation was continued for an additional 
30 min at 37*'C after which SERS spectra were collected for each well. 

Example 11 
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Polychlorinated Biphenyl (PCB) One-Step Analyte Addition Immunoassay in 
Parafilm Coated MicroweU Plate: In separate 100 Pamfilm coated microwells was placed 
50 nL PCB antibody/io/o NaHCO, (25 ng/mL) and 50 ^L silver colloid (Example la). The 
microwell plate was placed in 37°C incubator overnight. To each well containing desiccated 
5 antibody/silver colloid was added 50 BSA-reactive blue dye conjugate solution (Example 
4b). The microwell plate was placed in 37°C incubator for 1-2 hr to desiccate antibody/silver 
colloid/BSA-dye conjugate. Aqueous solutions of PCB analyte were prepared by first 
dissolving 10 ixg Aroclor 1248 in 1 mL hexane followed by appropriate dilutions using 
millipore water and evaporation of the hexane. The concentration range of PCB analyte was 
10 1 ng/mL (ppb) to 12.5 ng/mL (ppb) added to the individual microwells in 50 jiL aliquots. 
The microwell plate containing the re-dispersed antibody/colloid with BSA-reactive blue dye 
conjugate and analyte was incubated at ST-C for 30 min after which SERS specti-a were 
collected for each well. 

Example 12 

•5 Polychlorinated Biphenyl (PCB) One-Step Analyte Addition Immunoassay in 

Fluorinated Grease Coated Microwell Plate: In separate 100 mL fluorinated grease coated 
microweUs placed 50 nL PCB antibody/1% NaHCO, (25 mg/mL) and 50 nL silver colloid 
(Example la). The microwell plate was placed in 37°C incubator overnight. To each well 
containing desiccated antibody/silver coUoid was added 50 |iL BSA-reactive blue dye 
20 conjugate solution (Example 4b). The microwell plate was placed in ST^C incubator for 1-2 
hr to desiccate antibody/silver colloid/BSA-dye conjugate. Aqueous solutions of PCB 
analyte were prepared by first dissolving 10 ng Aroclor 1248 in 1 mL hexane followed by 
appropriate dilutions using millipore water and evaporation of the hexane. The concentiation 
range of PCB analyte was 1 ng/mL (ppb) to 12.5 ng/mL (ppb) added to the individual 
25 microwells in 50 mL aliquots. The microwell plate containing tiie re-dispersed 
antibody/colloid with BSA-reactive blue dye conjugate and analyte was incubated at ST'C 
for 30 min after which SERS spectra were collected for each well. 

Example 13 



'V 
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Polychlorinated Biphenyl (PCB) One-Step Immunoassay in Pretreated Low Affinity 
" Micro-miniwell Plate: In separate 10 fxL pretreated low affinity micro-miniwells placed 5 jiL 

PCB antibody/1% NaHCOj (25 mg/mL) and 5 ^iL silver colloid (Example la). The 
microwell plate was placed in 37°C incubator for 1 hr. To each well containing desiccated 
5 antibody/silver colloid was added 5 ^iL BSA-reactive blue dye conjugate solution (Example 
4b). The microwell plate was placed in 37°C incubator for 1 hr to desiccate antibody/silver 
coUoid/BSA-dye conjugate. Aqueous solutions of PCB analyte were prepared by first 
dissolving 10 jig Aroclor 1248 in 1 mL hexane followed by appropriate dilutions using 
millipore water and evaporation of the hexane. The concentration range of PCB analyte was 
10 1 ng/mL (ppb) to 12.5 ng/mL (ppb) added to the individual microwells in 10 iiL aliquots. 
^ The microwell plate containing the re-dispersed antibody/colloid with BSA-reactive blue dye 

conjugate and analj^e was incubated at 37°C for 30 min after which SERS spectra were 
collected for each well. 

Example 14 

15 Detection of Bilirubin using a Reactive Coating on Silver Foil: Prepared silver foil 

(Example Id) was pre-coated with a self-assembled monolayer (SAM) of octanethiol (C8) 
by dip-coating the silver foil surface in a 1 mM ethanol solution of octanethiol followed by 
an ethanol rinse. A tetrahydrofuran (THF) solution of a diazonium coating was then applied 
^' to the C8 coated foil. After evaporation of the THF the diazonium coating is physisorbed to 

20 the C8 coating, bound by a hydrophobic reaction. An etfianol solution of bilirubin was then 
apphed to the C8-diazonium surface. A SERS spectrum of the surface after reaction of the 
diazonium with bilirubin was collected. 

Example IS 

Detection and Determination of Bilirubin using a Reactive Coating with a Thiol 
25 Tether on Silver Colloids: A 1 mL silver colloid suspension (Example lb) was mixed with 
a 100 (iL ethanol/bicarbonate solution of bilirubin. The concentration range of the bilirubin 
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solutions was OmM to 22 mM. To the mixture of colloid^ilirubin was added 100 mL of an 
ethanol solution of the diazonium coating. Vials containing the colloid^ilirubin/diazonium 
mixture were thoroughly mixed for 1 min followed by collection of the SERS spectra. 

Example 16 

Detection and Quantification of Cyanide using Gold Colloids: To separate vials 
containing 0.5 mL gold colloid (Example Ic) was added 0.5 mL of an aqueous NaCN 
solution. The concentration range ofcyanide solution was 5 ppb to 250 ppb. The cyanide 
solution was thoroughly mixed with the colloid suspension followed by collection of SERS 
spectra. 



iO Example 16b 

Detection of Cyanide using Gold Colloids: A 20 mL vial was filled with a gold 
colloid suspension (Example Ic) and capped securely with a dialysis membrane filter. The 
vial was placed in 20 mL of a 1 ppm aqueous NaCN solution for 20 min. The colloid vial 
was removed and a SERS spectrum obtained. 

15 Example 17 

Detection of Cyanide using a Reactive Coating on Silver Foil: Prepared silver foil 
(Example Id) was pre-coated with a self-assembled monolayer (SAM) of octanethiol (C8) 
by dip-coating the silver foil surface in a 1 mM ethanol solution of octanethiol followed by 
an ethanol rinse. A tetrahydrofuran (THF) solution of a diazonium coating was then applied 
20 to the C8 coated foil. After evaporation of the THF the diazonium coating is physisoibed to 
the C8 coating, bound by a hydrophobic reaction. An aqueous solution of NaCN was then 
applied to the CS-diazonium surface. The concentiiation range for the NaCN aqueous 
solutions was 5 ppm to lO.OOOppm. A SERS spectrum ofthe surface after reaction of the 
diazonium with cyanide was collected. 
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Example 18 

Detection and Quantification of Amphetamine using a Reactive Coating on Silver 
Foil: Silver foil was roughened and etched (Example Id) followed by dip-coating in an 
CH2CI2 solution of MNA/amphetamine containing 3 ppm of2 a jCH CI solution of 
5 pentachlorothiolphenol (PCTP). The PCTP was used as an internal standard for 
quantification purposes. The coated foil surfaces were rinsed with ethanol to remove 
unbound MNA/amphetamine and PCTP. The MNA/amphetamine was synthesized by 
dissolving 363 mg amphetamine sulfate in 10 mL of an aqueous saturated solution of K2CO3 
to neutralize the sulfate. The freebase drug was then extracted from the aqueous solution 
10 using CH2CI2 followed by addition of 155 mg 2-mercaptonicotinic acid (MNA) and 206 mg 
^ dicyclohexylcarbodiimide (DCC). The reaction was gently refluxed overnight under a 

nitrogen atmosphere. The MNA/amphetamine reaction product was transferred to a 
separatory funnel with CH2CI2 and washed with an aqueous saturated solution of NaHCOj 
to neutralize unreacted MNA, followed by a wash with H2O and 10% HCl to neutrahze 
15 unreacted freebase and DCC. Solvent was removed under reduced pressure. The product 
N-(l-methyl-2-phenylethyl)-2-mercaptopyridine-3-carboxamide (MNA/amphetamine) was 
re-dissolved in CH2CI2 to form standard solutions in the concentration range of 0 ppm to 500 
ppm. SERS spectra were obtained from the MNA/amphetamine/PCTP coated silver foil 
surfaces. 

^ 20 Example 19 

Detection and Quantification of Methamphetamine using a Reactive Coating on 
Silver Foil: Silver foil was roughened and etched (Example Id) followed by dip-coating in 
an methanol solution of MNA/methamphetamine containing 2 ppm of a CH2CI2 solution of 
pentachlorothiolphenol (PCTP). The PCTP was used as an internal standard for 
25 quantification purposes. The coated foil surfaces were rinsed with ethanol to remove 
unbound MNA/methamphetamine and PCTP. The MNA/methamphetamine was synthesized 
by dissolving 1 86 mg methamphetamine hydrochloride in 15 mL of saturated aqueous K2CO3 
to neutralize the hydrochloride. The freebase was then extracted from the aqueous solution 
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using diethyl ether (Et,0). The ether was removed under reduced pressure and the 
methamphetamine re-dissolved in 8 mL of ethanol to which was added 169 mg 2- 
mercaptonicotinic acid (MNA) and 228 mg dicyclohexylcarbodiimide (DCC) in 2 mL H3O. 
The reaction was gently refluxed under a nitrogen atmosphere for 2 hr. The 
5 MNA/methamphetamine reaction product was transferred to a separator/ flannel using Et,0 
and extracted with additional Et^O followed by washes with saturated aqueous NaHCQ , 
H2O, and 10% HCl. Solvent was removed under reduced pressure. The product N-methyl- 
N-(l-methyl-2.phenylethyl)-2-mercaptopyiidine-3-carboxamide(MN^^^ 
was re-dissolved in methanol to form standard solutions in the concentration range of 0 ppm 

0 to 2500 ppm. SERS spectra were obtained from the MNA/methamphetamine/PCTP coated 
silver foil surfaces. 



Example 20 

Detection and Quantification of Morphine using an Active Coating on Silver Foil: 
Silver foil was roughened and etched (Example Id) followed by dip-coating in a 200 ppm 
0.5 M boric acid solution of 4-(4-(N-etiiyl.N.2^thioelJiyl)aminophenyl) azobenzene-sulfonic 
acid, sodium salt (azo dye) followed by a rinse with pH 7 phosphate buffer to remove 
unbound dye. The silver foil was cut to fit diagonally in a 10 mm glass cuvette. Phosphate 
buffered (pH 7) morphine solutions were added to the cuvette in increasing concentration 
followed by a routine of decreasing concentration. A SERS spectrum was obtained for each 
concentration of morphine solution. The concentration range of buffered mo^jhine solution 
was 0 ppb to 60 ppb. 

Example 21 

Detection and Quantification of Toluene using a Passive Coating on Silver Colloids: 
A series of vials were fiUed with 0.5 mL silver coUoid suspension (Example la) followed by 
addition of 10 mL of a 3 ppb ethanol solution of 1-propanethiol to each vial. Standard 
solutions of toluene dissolved in millipore water were prepared for a concentration range of 
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.J 0 ppm to 20 ppm. To each vial containing propanethiol coated silver colloid was added 0.5 

mL of aqueous toluene solution. A SERS spectrum was collected of each vial. 

The discussion included in this patent is intended to serve as a basic description. The 
reader should be aware that the specific discussion may not explicitly describe all 
5 embodiments possible; many alternatives are implicit. It also may not explicitly explain the 
generic nature of the invention and may not explicitly show how each feature or element can 
actually be representative of a broader function or of a great variety of alternative or 
equivalent elements. Again, these are implicitly included in this disclosure. Where the 
invention is described in process-oriented terminology, each element of the process may be 
1 0 implicitly performed by a device. Process or method claims may not only be included for the 
process described, but also apparatus claims may be included to address the devices which 
perform the invention as well as claims directed to the end product produced in these 
fashions. Neither the description nor the terminology is intended to limit the scope of the 
claims in this patent. 

15 Further, equivalent, broader, and more generic terms are also implicit in the prior 

description of each element. Such terms can be substituted when desired to make explicit 
the implicitly broad coverage to which this invention is entitled. Further, it should be 
understood that a variety of changes may be made without departing fiom the essence of the 
invention. Such changes are also implicitly included in the description. They still fall within 
^ 20 the scope of this invention. This disclosure encompasses both the explicit embodiment(s) 

shown, the great variety of implicit alternative embodiments, and broad methods or processes 
and the like. 

In addition, each of the various elements of the invention and claims may also be 
achieved in a variety of manners. This disclosure should be understood to encompass each 
25 such variation, be it a variation of an embodiment of any apparatus embodiment, a method 
or process embodiment, or even merely a variation of any element of these. Particularly, it 
should be understood that as the disclosure relates to elements of the invention, the words for 
each element may be expressed by equivalent apparatus terms or method terms — even if only 
the function or result is the same. Such equivalent, broader, or even more generic terms 
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Should be considered to be encompassed in the description of each element or action. Such 
terms can be substituted where desired to make explicit the implicitly broad coverage to 
which this invention is entitled. As but one example, it should be understood that all actions 
may be expressed as a means for taking that action or as an element which causes that action. 
5 Similarly, each physical element disclosed should be understood to encompass a disclosure 
of the action which that physical element facilitates. Regarding this last aspect, the disclosure 
of a "detector" should be understood to encompass disclosure of the act of "detecting" ~ 
whether explicitiy discussed or not - and, conversely, were there only disclosure of the act 
of "detecting", such a disclosure should be understood to encompass disclosure of a 
10 "detector" and even a "means for detecting". Such changes and alternative tenns are to 
be understood to be explicitly included in the description. Further, the applicant should be 
understood to have support for method and corresponding apparatus claims and for the 
various combinations and permutations of each element disclosed. 

Any acts of law, statutes, regulations, or rules mentioned in this apphcation for patent; 
15 or patents, publications, or other references mentioned in this application for patent are 
hereby incorporated by reference. In addition, as to each term used it should be understood 
that unless its utilization in this application is inconsistent with such interpretation, common 
dictionary definitions should be understood as incorporated for each term and all definitions, 
alternative terms, and synonyms such as contained in the Random House Webster's 
20 Unabridged Dictionary, second edition are hereby incorporated by reference. 

In addition, any references mentioned in the application for this patent are hereby 
incorporated by reference in their entirety to the extent such may be deemed essential to 
support the enablement of the invention or to augment the disclosure. However, to the extent 
statements in such references might be considered inconsistent with the patenting of this 
25 invention, such statements are expressly not to be considered as made by the appUcant. 

In addition, it should be understood that although claims directed to the methods have 
been included in various detail, for administrative efficiencies, only initial claims directed 
toward the apparatus embodiments have been included. Naturally, the disclosure and 



( 
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claiming of the method focus in full detail is to be understood as sufiicient to support the full 
scope of both method and apparatus claims. This includes claims having a system, container, 
sensor, or other component or facilitating element focus as well. These may be added at a 
later date when appropriate to explicitly claim such details. Thus, the present disclosure is 
5 to be constmed as encompassing the full scope of apparatus claims, including but not limited 
to claims and subclaims similar to those presented in a method context. 

Further, if or when used, the use of the transitional phrase "comprising" is used to 
maintain the "open-end" claims herein, according to traditional claim interpretation. Thus, 
unless the context requires otherwise, it should be understood that the term comprise" or 
10 variations such as "comprises" or "comprising", are intended to imply the inclusion of a 
stated element or step or group of elements or steps but not the exclusion of any other 
element or step or group of elements or steps. Such terms should be interpreted in their 
most expansive form so as to afford the applicant the broadest coverage legally permissible. 
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CLAIMS 
What is claimed is: 

1 . A practical method for detection of an analyte. comprising the steps of: 
a. establishing a colloidal substance; 
5 b. coating said coUoidal substance with an analyte-responsive coating to create 

a coated sensor colloid; 

c. providing said coated sensor colloid in a liquid to create a liquid colloidal 
sensor substance; 

d. desiccating said liquid colloidal sensor substance to produce a desiccated 
colloidal sensor residue; ( 

e. reconstituting said desiccated colloidal sensor residue to produce a 
reconstituted coUoidal sensor solution containing said coated sensor colloid; 

f. "^teracting an analyte with said coated sensor colloid within said reconstituted 
colloidal sensor solution; 

g. subjecting said reconstituted colloidal sensor solution to an illumination; 

h. affecting said illumination by said colloidal substance within said 
reconstituted colloidal solution while said analyte is present to produce an 
afTected emission; and 

i. spectroscopically analyzing said affected emission to obtain information 
2° regarding said analyte. 



15 



25 



A practical method for detection of an analyte as described in claim 1 wherein said 
step of establishing a colloidal substance comprises the step of establishing a surface 
enhanced Raman spectroscopic substance, wherein said step of affecting said 
illumination by said colloidal substance within said reconstituted colloidal solution 
while said analyte is present to produce an affected emission comprises the step of 
producing a Raman spectral signal, and wherein said stq) of spectroscopically 
analyzing said affected emission to obtain information regarding said analyte 
comprises the step of analyzing a surface enhanced Raman spectrum. 



( 
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A practical method for detection of an analyte as described in claim 1 wherein said 
step of affecting said illumination by said colloidal substance within said 
reconstituted colloidal solution while said analyte is present to produce an affected 
emission comprises the step of producing a fluorescence spectral signal, and wherein 
said step of spectroscopically analyzing said affected emission to obtain information 
regarding said analyte comprises the step of analyzing a said fluorescence spectral 
signal. 

A practical method for detection of an analyte as described in claim 3 wherein said 
step of producing a fluorescence spectral signal comprises the step of producing a 
surface enhanced fluorescence spectral signal through action of said colloidal 
substance. 

A practical method for detection of an analyte as described in claim 1 wherein said 
step of coating said colloidal substance with an analyte-responsive coating to create 
a coated sensor colloid comprises the steps of: 

i. coating a portion of said colloidal substance with a first analyte-responsive 
coating to create a first coated sensor colloid, and 

ii. coating another portion of said colloidal substance with a second analyte- 
responsive coating to create a second coated sensor colloid, and 

wherein said step of reconstituting said desiccated colloidal sensor residue to produce 
a reconstituted colloidal sensor solution containing said coated sensor colloid 
comprises the step of reconstituting said desiccated colloidal sensor residue to 
produce a reconstituted colloidal sensor solution containing said first and said second 
coated sensor colloids, and wherein said step of interacting an analyte with said 
coated sensor colloid within said reconstituted colloidal sensor solution comprises the 
step of interacting at least a first analyte with said first coated sensor colloid within 
said reconstituted colloidal sensor solution. 

A practical method for detection of an analyte as described in claim S wherein said 
step of desiccating said liquid colloidal sensor substance to produce a desiccated 
colloidal sensor residue comprises the steps of: 
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desiccating a liquid containing said first coated sensor colloid to produce a 
first desiccated residue; 

separately desiccating a liquid containing said second coated sensor colloid 
to produce a second desiccated residue; and further comprising the step of 
mixing said first desiccated residue and said second desiccated residue to 
create said desiccated colloidal sensor residue. 



7. A practical method for detection of an analyte as described in claim 5 and wherein 
said step of interacting an analyte with said coated sensor colloid within said 
reconstituted colloidal sensor solution further comprises the step of interacting a 
second analyte with said second coated sensor colloid within said reconstituted 
colloidal sensor solution, and wherein said step of spectroscopically analyzing said 
a£fected emission to obtain information regarding said analyte comprises the steps of: 

i. spectroscopically analyzing said affected emission to obtain infoimation 
regarding said first anal3^e; and 

ii. spectroscopically analyzing said affected emission to obtain infomiation 
regarding said second analyte. 



A practical method for detection of an analyte as described in claim 7 wherein said 
step of interacting a second analyte with said second coated sensor coUoid within said 
reconstituted colloidal sensor solution occurs simultaneously with said step of 
interacting at least a first analyte with said first coated sensor colloid within said 
reconstituted colloidal sensor solution. 

A practical method for detection of an analyte as described in claim 8 wherein said 
step of spectroscopically analyzing said affected emission to obtain infonnation 
regarding said first analyte and said step of spectroscopically analyzing said affected 
emission to obtain infoimation regarding said second analyte occur simultaneously. 

A practical method for detection of an analyte as described in claim 9 wherein said 
step of spectroscopically analyzing said affected emission to obtain infoimation 
regarding said first analyte and said step of spectroscopically analyzing said affected 
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emission to obtain information regarding said second analyte comprise the step of 
analyzing a single spectra for information regarding both said first and said second 
analyte. 

11. A practical method for detection of an analyte as described in claim 1 and fiirther 
comprising the step of selectively interacting an illumination-affecting substance with 
said analyte as said analyte interacts with said coated sensor colloid within said 
reconstituted colloidal sensor solution, and wherein said step of affecting said 
illumination by said colloidal substance within said reconstituted colloidal solution 
to produce an affected emission comprises the step of altering said emission by the 
presence of said illumination-affecting substance as it interacts with said analj^e. 

12. A practical method for detection of an analyte as described in claim 1 1 wherein said 
step of coating said colloidal substance with an analyte-responsive coating to create 
a coated sensor colloid comprises the steps of: 

i. coating a portion of said colloidal substance with a first analyte-responsive 
coating to create a first coated sensor colloid, and 

ii. coating another portion of said colloidal substance with a second analyte- 
responsive coating to create a second coated sensor colloid, and 

wherein said step of reconstituting said desiccated colloidal sensor residue to produce 
a reconstituted colloidal sensor solution containing said coated sensor colloid 
comprises the step of reconstituting said desiccated colloidal sensor residue to 
produce a reconstituted colloidal sensor solution containing said first and said second 
coated sensor colloids, and wherein said step of interacting an analyte with said 
coated sensor colloid within said reconstituted colloidal sensor solution comprises the 
step of interacting at least a first analyte with said first coated sensor colloid within 
said reconstituted colloidal sensor solution. 

13. A practical method for detection of an analyte as described in claim 12 and further 
comprising the step of mixing said first coated sensor colloid and said second coated 
sensor colloid together. 
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14. A practical method for detection of an analyte as described in claim 12 and wherein 
said step of interacting an analyte with said coated sensor colloid within said 
reconstituted colloidal sensor solution further comprises the step of interacting a 
second analyte with said second coated sensor colloid within said reconstituted 
colloidal sensor solution, and wherein said step of spectroscopically analyzing said 
affected emission to obtain information regarding said analyte comprises the steps of: 
spectroscopically analyzing said affected emission to obtain information 
regarding said first analyte; and 

spectroscopically analyzing said affected emission to obtain information 
regarding said second analyte. 

A practical method for detection of an analyte as described in claim 14 wherein said 
step of interacting a second analyte with said second coated sensor coUoid within said 
reconstituted colloidal sensor solution occurs simultaneously with said step of 
interacting at least a first analyte with said first coated sensor colloid within said 
reconstituted colloidal sensor solution. 

A practical method for detection of an analyte as described in claim 15 wherein said 
step of spectroscopically analyzing said affected emission to obtain information 
regarding said first analyte and said step of spectroscopically analyzing said affected 
emission to obtain information regarding said second analyte occur simultaneously. 

A practical method for detection of an analyte as described in claim 16 wherein said 
step of spectroscopically analyzing said affected emission to obtain information 
regarding said first analyte and said step of spectroscopically analyzing said affected 
emission to obtain information regarding said second analyte comprise the step of 
analyzing a single spectra for information regarding both said first and said second 
analyte. 

A practical method for detection of an analyte as described in claim 17 wherein said 
step of establishing a coUoidal substance comprises the step of establishing a surface 
enhanced Raman spectroscopic substance, wherein said step of affecting said 
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illumination by said colloidal substance within said reconstituted colloidal solution 
while said analyte is present to produce an affected emission comprises the step of 
producing a Raman spectral signal, and wherein said step of spectioscopically 
analyzing said affected emission to obtain information regarding said analyte 
comprises the step of analyzing a surface enhanced Raman spectrum. 

19. A practical method for detection of an analyte, comprising the steps of: 

a. establishing a colloidal substance; 

b. binding an analyte-responsive substance to said colloidal substance to create 
a sensor colloid complex; 

c. providing said sensor colloid complex in a liquid to create a liquid colloidal 
sensor substance; 

d. desiccating said liquid colloidal sensor substance to produce a desiccated 
colloidal sensor residue; 

e. reconstituting said desiccated colloidal sensor residue to produce a 
reconstituted colloidal sensor solution containing said sensor colloid 
complex; 

f. binding an analyte analog with at least some of said sensor colloid complex 
within said reconstituted colloidal sensor solution; 

g. interacting said analyte with at least some of said sensor colloid complex 
within said reconstituted colloidal sensor solution; 

i. subjecting said reconstituted colloidal sensor solution to an illumination; 
j. affecting said illumination by said colloidal substance within said 

reconstituted colloidal sensor solution while said analyte is present to produce 

an affected emission; and 
k. spectroscopically analyzing said affected emission to obtain information 

regarding said analyte. 

20. A practical method for detection of an analyte as described in claim 1 9 wherein said 
steps of binding an analyte analog with at least some of said sensor colloid complex 
within said reconstituted colloidal sensor solution and interacting said analyte with 
at least some of said sensor colloid complex within said reconstituted colloidal sensor 
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21. A practical method for detection of an analyte as described in claim 19 wherein said 
step of binding an analyte analog with at least some of said sensor colloid complex 
within said reconstituted coUoidal sensor solution occurs prior to accomplishing said 
step of interacting said analyte with at least some of said sensor colloid complex 
within said reconstituted colloidal sensor solution. 

22. A practical method for detection of an analyte as described in claim 21 wherein said 
step of binding an analyte analog With at least some of said sensor colloid complex 
within said reconstituted colloidal sensor solution produces an intermediate solution, 
and fiirther comprising the steps of: 

a. subjectmg said intermediate solution to an illumination; 

b. affecting said illumination by said colloidal substance within said 
intermediate solution to produce an intermediate emission; and 

c. spectroscopically analyzing said intermediate emission, 

and wherein said step of spectroscopically analyzing said affected emission to obtain 
information regarding said analyte comprises the step of comparing said affected 
emission to said intermediate emission. 

23. A practical method for detection of aa analyte as described in claim 1 9 wherein said 
step of binding an analyte analog with at least some of said sensor colloid complex 
within said reconstituted colloidal sensor solution occurs after accomplishing said 
step of interacting said analyte with at least some of said sensor colloid complex 
within said reconstituted colloidal sensor solution. 



24. 



A practical method for detection of an analyte as described in claim 21 wherein said 
step of interacting said analyte with at least some of said sensor colloid complex 
within said reconstituted colloidal sensor solution produces an intemiediate solution, 
and further comprising the steps of: 

a. subjecting said intermediate solution to an illumination; 

b. affecting said illumination by said colloidal substance within said 
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intermediate solution to produce an intermediate emission; and 
spectroscopically analyzing said intermediate emission. 
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and wherein said step of spectroscopically analyzing said affected emission to obtain 
information regarding said analyte comprises the step of comparing said affected 
emission to said intermediate emission. 

A practical method for detection of an analj^e as described in claim 19 wherein said 
steps of binding an analyte analog with at least some of said sensor colloid complex 
within said reconstituted colloidal sensor solution and said step of interacting said 
analyte with at least some of said sensor colloid complex within said reconstituted 
colloidal sensor solution comprise the steps of: 

a. binding said analyte analog with said sensor colloid complex within said 
reconstituted colloidal sensor solution; 

b. causing said analyte analog to be removed from said sensor colloid complex; 

c. replacing said analyte analog by said analyte on said colloidal substance to 
create said analyte colloid solution. 

A practical method for detection of an analyte as described in claim 19 wherein said 
step of binding an analyte analog with at least some of said sensor colloid complex 
within said reconstituted colloidal sensor solution comprises the step of binding a 
tagged analyte analog with at least some of said sensor colloid complex within said 
reconstituted colloidal sensor solution. 

A practical method for detection of an analyte as described in claim 26 wherein said 
step of binding a tagged analyte analog with at least some of said sensor colloid 
complex comprises the step of binding a tagged analyte with at least some of said 
sensor colloid complex. 

A practical method for detection of an analyte as described in claim 19 wherein said 
step of spectroscopically analyzing said affected emission to obtain information 
regarding said analyte comprises the step of analyzing to observe a decrease in said 
affected emission. 
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29. A practical method for detection of an analyte as described in claim 19 wherein said 
step of binding an analyte-responsive substance to said colloidal substance to create 
a sensor colloid complex comprises the steps of: 

I. binding a portion of said colloidal substance with a first analyte-responsive 

substance to create a first sensor colloid complex, and 
ii . binding another portion of said colloidal substance with a second analyte- 
responsive substance to create a second sensor colloid complex, and 
wherein said step of reconstituting said desiccated colloidal sensor residue to produce 
a reconstituted colloidal sensor solution containing said sensorcoUoid complex 
comprises the step of reconstituting said desiccated colloidal sensor residue to 
produce a reconstituted colloidal sensor solution containing said first and said second 
sensor colloid complexes, and whadn said step of interacting an analyte with at least 
some of said sensor colloid complex within said reconstituted colloidal sensor 
solution comprises the step of interacting at least a first analyte with said Gist sensor 
colloid complex within said reconstituted colloidal sensor solution. 

30. A practical method for detection of an analyte as described in claim 29 and finther 
comprising the step of mixing said Gist sensor colloid complex and said second 
sensor colloid complex together. 

31. A practical method for detection of an analyte as described in claim 29 and wherein 
said step of interacting an analyte with at least some of said sensor colloid complex 
within said reconstituted colloidal sensor solution fiirther comprises the step of 
interacting a second analyte wifli said second sensor colloid complex within said 
reconstituted colloidal sensor solution, and wherein said step of spectroscopically 
analyzing said affected emission to obtain information regarding said analyte 
comprises the steps of: 

i. spectroscopically analyzing said affected emission to obtain information 
regarding said fu-st analyte; and 

ii. spectroscopically analyzing said affected emission to obtain information 
regarding said second analyte. 
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32. A practical method for detection of an analyte as described in claim 3 1 wherein said 
step of interacting a second analyte with said second sensor colloid complex within 
said reconstituted colloidal sensor solution occurs simultaneously with said step of 
interacting at least a first analyte with said first sensor colloid complex within said 

5 reconstituted colloidal sensor solution. 

33. A practical method for detection of an analyte as described in claim 32 wherein said 
step of spectroscopically analyzing said affected emission to obtain information 
regarding said first analyte and said step of spectroscopically analyzing said affected 
eniission to obtain information regarding said second analyte occur simultaneously. 

10 34. A practical method for detection of an analyte as described in claim 33 wherein said 
step of spectroscopically analyzing said affected emission to obtain information 
regarding said first analyte and said step of spectroscopically analyzing said affected 
emission to obtain information regarding said second analyte comprise the step of 
analyzing a single spectra for information regarding both said first and said second 

15 analyte. 

35. A practical method for detection of an analyte as described in claim 34 wherein said 
step of establishing a colloidal substance comprises the step of establishing a surface 
enhanced Raman spectroscopic substance, wherein said step of affecting said 
illumination by said colloidal substance within said reconstituted colloidal solution 

20 while said analyte is present to produce an affected emission comprises the step of 

producing a Raman spectral signal, and wherein said step of spectroscopically 
analyzing said affected emission to obtain information regarding said analyte 
comprises the step of analyzing a sin'face enhanced Raman spectrum. 

36. A practical method for detection of an analyte as described in claim 12, 19 or 34 and 
25 fiirther comprising the step of providing a spectroscopic marker which becomes 

associated with said colloidal substance. 

37. A practical method for detection of an analyte as described in claim 12 and further 
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comprising the step of providing a spectroscopic marker which is associated with said 
illumination affecting substance. 

38. A practical method for detection of an analyte as described in claim 19 or 34 and 
further comprising the step of providing a spectroscopic marker which is associated 
with said analyte analog. 

39. A practical method for detection of an analyte as described in claim 36 wherein said 
step of providing a spectroscopic marker is accomplished at the time of 
accompUshing said step of reconstituting said desiccated colloidal sensor residue to 
produce a reconstituted colloidal sensor solution containing said coated sensor 
colloid. 

40. A practical method for detection of an analyte as described in claim 36 wherein said 
step of providing a spectroscopic marker comprises the step of associating a dye with 
said colloidal substance. 

41. A practical method for detection of an analyte as described in claim 37 wherein said 
step of providing a spectroscopic marker comprises the steps of: 

i. associating a first dye with a first analyte; and 

ii. associating a second dye with a second analyte, and 

wherein said first dye and said second dye have different spectrographic signatures. 

42. A practical method for detection of an analyte as described in claim 1, 4 or 19 
wherein said step of reconstituting said desiccated colloidal sensor residue to produce 
a reconstimted colloidal sensor solution containing said coated sensor colloid 
comprises the step of assuring the reconstitution of said liquid colloidal sensor 
substance in a fomi capable of giving rise to spectroscopic signals. 

43. A practical method for detection of an analyte as described in claim 42 wherein said 
step of assuring the reconstitution of said liquid colloidal sensor substance in a fom 
capable of giving rise to spectroscopic signals comprises the step of including a 
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reconstitution substance at the time of accomplishing said step of desiccating said 
liquid colloidal sensor substance to produce a desiccated colloidal sensor residue. 

44. A practical method for detection of an analyte as described in claim 43 wherein said 
step of desiccating said liquid colloidal sensor substance to produce a desiccated 

5 colloidal sensor residue comprises the step of desiccating said liquid colloidal sensor 

substance in a container and wherein said step of assuring the reconstitution of said 
liquid colloidal sensor substance in a form capable of giving rise to spectroscopic 
signals comprises the step of providing a container coordinated with said desiccated 
colloidal sensor residue to permit reconstitution in a form capable of giving rise to 
10 spectroscopic signals. 

45. A practical method for detection of an analyte as described in claim 42 wherein said 
step of assuring the reconstitution of said liquid colloidal sensor substance in a form 
capable of giving rise to spectroscopic signals fiirther comprises the step of assuring 
the reconstitution of said liquid colloidal sensor substance in a foim capable of giving 

15 rise to surface enhanced spectroscopic signals. 

46. A practical method for detection of an analyte as described in claim 1 1 wherein said 
step of selectively interacting an illumination-aflfecting substance with said analyte 
as said analyte interacts with said coated sensor colloid within said reconstituted 
colloidal sensor solution, is a step selected firom the group consisting of the steps of 

20 binding an antibody to said analyte while said analyte is interacting with said coated 

sensor colloid within said reconstituted colloidal sensor solution, and binding a 
reagent to said analyte while said analyte is interacting with said coated sensor colloid 
within said reconstituted colloidal sensor solution. 

47. A practical method for detection of an analyte as described in claim 19 wherein said 
25 step of binding an analyte-responsive substance to said colloidal substance to create 

a sensor colloid complex is a step selected from the group consisting of the steps of 
binding an antibody to said colloidal substance, and binding a reagent to said 
colloidal substance. 
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A practical method for detection of an analyte as described in claim 46 wherein said 
step of coating said colloidal substance with an analyte-responsive coating to create 
a coated sensor colloid comprises the steps of: 

i. coating a portion of said colloidal substance with a first analyte-responsive 
coating to create a first coated sensor colloid, and 

ii. coating another portion of said colloidal substance with a second analyte- 
responsive coating to create a second coated sensor colloid, and 

wherein said step of reconstituting said desiccated colloidal sensor residue to produce 
a reconstituted colloidal sensor solution containing said coated sensor colloid 
comprises the step of reconstituting said desiccated colloidal sensor residue to 
produce a reconstituted colloidal sensor solution containing said first and said second 
coated sensor colloids, and wherein said step of interacting an analyte with said 
coated sensor colloid within said reconstituted coUoidal sensor solution comprises the 
step of interacting at least a first analyte with said first coated sensor colloid within 
said reconstituted colloidal sensor solution. 



49. A practical method for detection of an analyte as described in claim 1 wherein said 
step of coating said colloidal substance with an analyte-responsive coating to create 
a coated sensor coUoid comprises the step of coating said colloidal substance with an 
analyte-responsive coating selected fiiom a group consisting of: a virus binding 
substance, a bacteria binding substance, a fimgal spore binding substance, an anthrax 
binding substance, coating reactive to heroin, coating reactive to THC, coating 
reactive to morphine, coating reactive to codeine, coating reactive to mesciline, 
coating reactive to alcohol, coating reactive to amphetamine, coating reactive to 
metharaphetamine. polychlorinated biphenyl (PCB) reactive coating, a phenohc 
compound reactive coating, a fiiran reactive coating, a pyrrole reactive coating, a 
reactive coating for substances in blood, a reactive coating for substances in urine, a 
reactive coating for substances in saUva, a reactive coating for substances in bodily 
fluids, a bilirubin reactive coating, a salicylic reactive coating, a neurotransmitter 
reactive coating, a human growth hormone reactive coating, a thyroid stimulating 
hormone reactive coating, antibodies for hormones, antibodies for proteins. 
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antibodies for bacteria, antibodies for viruses, antibodies for prions, antibodies for 
human growth hormone (HGH), antibodies for thyroid stimulating hormone (TSH), 
antibodies for prostate specific antigen (PSA), antibodies for h. Pylori, antibodies for 
giardia, antibodies for prion proteins, antibodies for trinitrotoluene (TNT), and 
antibodies for polychlorinated biphenyls (PCP's). 

A practical method for detection of an analyte as described in claim 2 wherein said 
step of establishing a surface enhanced Raman spectroscopic substance comprises the 
step of establishing a surface enhanced Raman spectroscopic substance selected &om 
a group consisting of: silver colloids, gold colloids, colloids fomied fi-om the 
chemical reduction of silver salts, colloids formed from the chemical reduction of 
gold salts, metal colloids, colloids formed irom the chemical reduction of metal salts, 
colloids formed from the electrochemical reduction of metal salts, colloids formed 
firom the electrochemical reduction of gold salts, colloids formed from the 
electrochemical reduction of silver salts, colloids formed from the ablation of metals, 
colloids formed from the ablation of silver, and colloids formed from the ablation of 
gold. 

A practical method for detection of an analyte as described in claim 1 1 wherein said 
step of selectively interacting an illumination-afirecting substance with said analyte 
as said analyte interacts with said coated sensor colloid within said reconstituted 
colloidal sensor solution comprises the step of selectively interacting an illumination- 
affecting substance selected from the group consisting of: spectroscopically marked 
antibodies for hormones, spectroscopically marked antibodies for proteins, 
spectroscopically marked antibodies for bacteria, spectroscopically marked antibodies 
for viruses, spectroscopically marked antibodies for prions, spectroscopically marked 
antibodies for human growth hormone (HGH), spectroscopically marked antibodies 
for thyroid stimulating hormone (TSH), spectroscopically marked antibodies for 
prostate specific antigen (PSA), spectroscopically marked antibodies for h. Pylori, 
spectroscopically marked antibodies for giardia, spectroscopically marked antibodies 
for prion proteins, spectroscopically marked antibodies for trinitrotoluene (TNT), and 
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spectroscopically marked antibodies for polychlorinated biphenyls (PCP's). 

A practical method for detection of an analyte as described in claim 1 9 wherein said 
step of combining said colloidal substance with an analyte analog to create a sensor 
colloid complex comprises the step of combining said colloidal substance with an 
analyte analog selected from a group consisting of: morphine analog, moiphine 
analog with a phthalocyanine dye, methamphetamine analog, amphetamine analog 
with an azo dye, tetrahydrocannibinol analog, tetrahydrocannibinol with an 
aminotriaiylmethane dye, 2.4-dichlorophenoxyacetic acid analog, 2,4- 
dichlorophenoxyacetic acid analog with an azo dye, carbofuran analog, and a 
carbofiiran analog with an aminotriatyhnethane dye 

A practical method for detection of an analyte as described in claim 36 wherein said 
step of providing a spectroscopic marker which becomes associated with said 
colloidal substance comprises the step of providing a spectroscopic marker selected 
from a group consisting of: a SERS marker, a phthalocyanine, a aminotriaiylmethane, 
an oxazine, an anthraquinone. a xanthene, an indigoid, a caibocyanine, an azine, a 
thiazine, a coumarin, an azo dye, and a 1st & 2nd dye. 

54. A practical method for detection of an analyte as described in claim 43 wherein said 
step of including a reconstitution substance at the time of accomplishing said step of 
desiccating said liquid colloidal sensor substance to produce a desiccated colloidal 
sensor residue comprises the step of including a reconstitution substance selected 
from a group consisting of: a hydrocarbon, a parafOn. an organosilicon species, an 
oxygenated derivative of an organosiUcon material, a fluorocarbon, a teflon material, 
a polyether, an oxygenated analog of a hydrocarbon, a perfluorocarbon. a 
hydrophobic substance, a halogenated hydrocarbon, an agent having a similar charge 
to that on the colloid, a polyether. polyethylene glycol, a salt of inorganic derivatives 
of sulphuric acid, a salt of organic derivatives of sulphuric acid, sulphonic acids, 
phosphoric acids, phosphonic acids, carboxylic acids, a substance containing a free 
acid of a sulphate monoester, a substance containing a free acid of a sulfonic acid, a 
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substance containing a free acid of a phosophate monoester, a substance containing 
a free acid of a phosophate diester, a substance containing a free acid of a phosphonic 
acid, a substance containing a free acid of a phosophate monoester, a substance 
containing a free acid of a carboxylic acid, a substance containing a salt of a sulphate 
monoester, a substance containing a salt of a sulfonic acid, a substance containing a 
salt of a phosophate monoester, a substance containing a salt of a phosophate diester, 
a substance containing a salt of a phosphonic acid, a substance containing a salt of a 
phosophate monoester, and a substance containing a salt of a carboxylic acid. 

A practical method for detection of an analyte, comprising the steps of: 

a. establishing a colloidal substance; 

b. providing said colloidal substance in a liquid to create a liquid colloidal 
sensor substance; 

c. desiccating said liquid colloidal sensor substance to produce a desiccated 
colloidal sensor residue; 

d. reconstituting said desiccated colloidal sensor residue to produce a 
reconstituted colloidal sensor solution containing said colloidal substance in 
a form capable of giving rise to surface enhanced spectroscopic signals; 

e. int^acting an analyte with said colloidal substance within said reconstituted 
colloidal sensor solution; 

f. subjecting said reconstituted colloidal sensor solution to an illumination; 

g. affecting said illumination by said colloidal substance within said 
reconstituted colloidal solution while said analyte is present to produce an 
affected emission; and 

h. spectroscopically analyzing said affected emission to obtain information 
regarding said analyte. 

A practical method for detection of an analyte as described in claim 55 wherein said 
step of establishing a colloidal substance comprises the step of establishing a surface 
enhanced Raman spectroscopic substance, wherein said step of afiTecting said 
illiunination by said colloidal substance within said reconstituted colloidal solution 



56 



10 



15 



WO 01/71353 

PCT/USOl/06357 

While said analyte is present to produce an affected emission comprises the step of 
producing a Raman spectral signal, and wherein said step of spectroscopicaUy 
analyzing said affected emission to obtain information regarding said analyte 
comprises the step of analyzing a surface enhanced Raman spectrum. 

57. A practical method for detection of an analyte as described in claim 55 and further 
comprising the steps of: 

i. coating a portion of said colloidal substance with a first analyte-responsive 
coating to create a first coated sensor colloid, and 

ii. coating another portion of said colloidal substance with a second analyte- 
responsive coating to create a second coated sensor colloid, and 

wherein said step of reconstituting said desiccated colloidal sensor residue to produce 
a reconstituted colloidal sensor solution comprises the step of reconstituting said 
desiccated colloidal sensor residue to produce a reconstituted colloidal sensor 
solution containing said first and said second coated sensor colloids, and wherein said 
step of affecting said illumination by said colloidal substance comprises the step of 
interacting at least a first analyte with said first coated sensor colloid within said 
reconstituted colloidal sensor solution. 



58. A practical method for detection of an analyte as described in claim 55 and fiirther 
comprising the step of selectively interacting an iUumination-afrecting substance with 
20 said analyte as said analyte interacts with said coated sensor colloid within said 

reconstituted colloidal sensor solution, and wherein said step of affecting said 
illumination by said colloidal substance within said reconstituted colloidal solution 
to produce an affected emission comprises the step of altering said emission by the 
presence of said illumination-affecting substance as it interacts with said analyte. 

25 59. A practical method for detection ofan analyte as described in claim 55 and fiirther 
comprising the steps of: 

1. combining said colloidal substance with an analyte analog to create a sensor 
colloid compile; 

ii. interacting said analyte with said sensor colloid complex within said 
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reconstituted colloidal sensor solution; 

iii. causing said analyte analog to be removed from said sensor colloid complex; 
and 

iv. replacing said analyte analog by said ansAytc on said colloidal substance to 
5 create an altered colloid complex, 

60. A practical method for detection of an analyte as described in claim 58 wherein said 
step of selectively interacting an illumination-affecting substance with said analyte 
as said analyte interacts with said coated sensor colloid within said reconstituted 
colloidal sensor solution, is a step selected from the group consisting of the steps of 
10 binding an antibody to said analyte while said analyte is interacting with said coated 

sensor colloid within said reconstituted colloidal sensor solution, binding a reagent 
to said analyte while said analyte is interacting with said coated sensor colloid within 
said reconstituted colloidal sensor solution. 

A practical method for detection of an analyte as described in claim 58, 59, or 60 
wherein said step of reconstituting said desiccated colloidal sensor residue to produce 
a reconstituted colloidal sensor solution containing said coated sensor colloid 
comprises the step of assuring the reconstitution of said liquid colloidal sensor 
substance in a form capable of giving rise to spectroscopic signals. 

A practical method for detection of an analyte as described in claim 61 wherein said 
step of assuring the reconstitution of said liquid colloidal sensor substance in a form 
capable of giving rise to spectroscopic signals comprises the step of including a 
reconstitution substance at the time of accomplishing said step of desiccating said 
liquid colloidal sensor substance to produce a desiccated colloidal sensor residue. 

A practical method for detection of an msdytc as described in claim 62 wherein said 
step of desiccating said liquid colloidal sensor substance to produce a desiccated 
colloidal sensor residue comprises the step of desiccating said liquid colloidal sensor 
substance in a container and wherein said step of assuring the reconstitution of said 
liquid colloidal sensor substance in a form capable of giving rise to spectroscopic 
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signals comprises the step of providing a container coordinated with said desiccated 
colloidal sensor residue to permit reconstitution in a form capable of giving rise to 
spectroscopic signals. 

64. A practical method for detection of an analyte as described in claim 61 wherein said 
step of step of assuring the reconstitution of said liquid colloidal sensor substance in 
a form capable of giving rise to spectroscopic signals further comprises the step of 
assuring the reconstitution of said Uquid colloidal sensor substance in a form capable 
of giving rise to sur&ce enhanced spectroscopic signals. 

65. A sensor system for detection of an analyte, comprising: 

a. a colloidal substance; 

b. an analyte-responsive coating on said colloidal substance; 

c. a desiccated colloidal sensor residue containing both said colloidal substance 
and said analyte-responsive coating; and 

d. a reconstitution container which contains said desiccated colloidal sensor 
residue. 

66. A sensor system for detection of an analyte as described in claim 65 and further 
comprising: 

a. a reconstitution liquid contained to reconstitute said desiccated colloidal 
sensor residue and create a reconstituted colloidal sensor solution; 

b. an illumination source positioned to illuminate said reconstituted colloidal 
sensor solution; 

c. affected emission sensor positioned to sense an affected emission from said 
reconstituted colloidal sensor solution; and 

d. a spectroscopic analysis system responsive to said affected emission sensor 
configured to obtain information regarding said analyte. 

67. A sensor system for detection of an analyte as described in claim 65 wherein said 
colloidal substance comprises a surfiice enhanced Raman spectroscopic substance. 
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68. A sensor system for detection of an analyte as described in claim 65 wherein said 
analyte-responsive coating on said colloidal substance comprises: 

a. a first analyte-responsive coating on a first portion of said colloidal substance 
to create a first desiccated colloidal sensor residue responsive to a first 

5 analyte, and 

b. a second analyte-responsive coating on a second of said colloidal substance 
to create a second desiccated colloidal sensor residue responsive to a second 
analyte, and 

wherein said reconstitution container contains both said first desiccated colloidal 
10 sensor residue and said second desiccated colloidal sensor residue. 

69. A sensor system for detection of an analyte as described in claim 66 and ftirther 
comprising an illumination-afifecting substance within said reconstituted colloidal 
sensor solution wherein said illumination-afifecting substance alters said emission 
firom said reconstituted colloidal sensor solution. 

15 70. A sensor system for detection of an analyte, comprising: 

a. a colloidal substance; 

b. an analyte-responsive substance to which said analyte is responsive and which 
is bound to said colloidal substance; 

c. a desiccated colloidal sensor residue containing both said colloidal substance 
20 and said analyte-responsive substance; 

d. a reconstitution container which contains said desiccated colloidal sensor 
residue; and 

e. an analyte analog which is also responsive to said analyte-responsive 
substance and which has a spectrographic signal which is different firom said 

25 analyte. 

71 . A sensor system for detection of an analyte as described in claim 69, 70 and fiirther 
comprising a spectroscopic marker which becomes associated v^th said colloidal 
substance. 
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A sensor system for detection of an analyte as described in claim 65 or 70 and further 
comprising a reconstitution substance which assures the reconstitution of said hquid 
colloidal sensor substance in a form capable of giving rise to spectroscopic signals. 

A sensor system for detection of an analyte as described in claim 69 wherein said 
illumination-affecting substance is selected from the group consisting of an antibody 
to which said analyte binds and which is bound to said coated sensor colloid, within 
said reconstituted colloidal sensor solution, and a reagent to which said analyte binds 
and which is bound to said coated soisor colloid. 



74. A sensor system for detection of an analyte as described in claim 70 wherein said 
analyte-re^nsive substance is selected from the group consisting of an antibody to 
which said analyte binds and which is botmd to said coated sensor colloid, within 
said reconstituted colloidal sensor solution, and a reagent to which said analyte binds 
and which is bound to said coated sensor colloid. 

75. A sensor system for detection of an analyte as described in claim 65 wherein said 
analyte-responsive coating is selected from a group consisting of: a vims binding 
substance, a bacteria binding substance, a fungal spore binding substance, an anthrax 
binding substance, coating reactive to heroin, coating reactive to THC, coating 
reactive to morphine, coating reactive to codeine, coating reactive to mesciline, 
coating reactive to alcohol, coating reactive to amphetamine, coating reactive to 
methamphetamine, polychlorinated biphenyl (PCB) reactive coating, a phenolic 
compound reactive coating, a fiiran reactive coating, a pyrrole reactive coating, a 
reactive coating for substances in blood, a reactive coating for substances in urine, a 
reactive coating for substances in saliva, a reactive coating for substances in bodily 
fluids, a bilirubin reactive coating, a salicylic reactive coating, a neurotransmitter 
reactive coating, a human growth hormone reactive coating, a thyroid stimulating 
hormone reactive coating, antibodies for hormones, antibodies for proteins, 
antibodies for bacteria, antibodies for viruses, antibodies for prions, antibodies for 
human growth hormone (HGH), antibodies for thyroid stimulating hormone (TSH), 
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antibodies for prostate specific antigen (PSA), antibodies for h. Pylori, antibodies for 
giardia, antibodies for prion proteins, antibodies for trinitrotoluene (TNT), and 
antibodies for polychlorinated biphenyls (PCP's). 



76. A sensor system for detection of an analyte as described in claim 67 wherein said 
5 surface enhanced Raman spectroscopic substance is selected fi"om a group consisting 

of: silver colloids, gold colloids, colloids formed fi-om the chemical reduction of 
silver salts, colloids formed fi-om the chemical reduction of gold salts, metal colloids, 
colloids formed from the chemical reduction of metal salts, colloids formed fi"om the 
electrochemical reduction of metal salts, colloids formed from the electrochemical 
10 reduction of gold salts, colloids fomied from the electrochemical reduction of silver 

salts, colloids formed from the ablation of metals, colloids formed from the ablation 
of silver, and colloids formed from the ablation of gold. 

77. A sensor system for detection of an analyte as described in claim 69 wherein said 
illumination-affecting substance is selected from a group consisting of: 

15 spectroscopically marked antibodies for hormones, spectroscopically marked 

antibodies for proteins, spectroscopically marked antibodies for bacteria, 
spectroscopically marked antibodies for viruses, spectroscopically marked antibodies 
for prions, spectroscopically marked antibodies for hmnan growth hormone (HGH), 
spectroscopically marked antibodies for thyroid stimulating hormone (TSH), 

20 spectroscopically marked antibodies for prostate specific antigen (PSA), 

spectroscopically marked antibodies for h. Pylori, spectroscopically marked 
antibodies for giardia, spectroscopically marked antibodies for prion proteins, 
spectroscopically marked antibodies for trinit*otoluene (TNT), and spectroscopically 
marked antibodies for polychlorinated biphenyls (PCP's). 

25 78, A sensor system for detection of an analyte as described in claim 70 wherein said 
analyte analog is selected from a group consisting of: morphine analog, morphine 
analog with a phthalocyanine dye, methamphetamine analog, amphetamine analog 
with an azo dye, tetrahydrocannibinol analog, tetrahydrocannibinol with an 
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aminotriarylmethane dye, 2,4-dichlorophenoxyacetic acid analog, 2,4- 
dichlorophenoxyacetic acid analog with an azo dye, carbofuran analog, and a 
carbofuran analog with an aminotriarylmethane dye. 

A sensor system for detection of an analyte as described in claim 71 wherein said 
spectroscopic marker is selected from a group consisting of: a SERS marker, a 
phthalocyanine, a aminotriarybnethane, an oxazine, an anthraquinone, a xanthene, an 
indigoid, a carbocyanine, an azine, a thiazine, a coumarin, an azo dye, and a 1st & 
2nd dye. 

A sensor system for detection of an analyte as described in claim 72 wherein said 
reconstitution substance is selected from a group consisting of: a hydrocarbon, a 
paraffin, an organosilicon species, an oxygenated derivative of an organosilicon 
material, a fluorocarbon, a teflon material, a polyether, an oxygenated analog of a 
hydrocarbon, a perfluorocarbon, a hydrophobic substance, a halogenated 
hydrocarbon, an agent having a similar charge to that on the colloid, a polyether, 
polyethylene glycol, a salt of inorganic derivatives of sulphuric acid, a salt of organic 
derivatives of sulphuric acid, sulphonic acids, phosphoric acids, phosphonic acids, 
carboxylic acids, a substance containing a free acid of a sulphate monoester, a 
substance containing a free acid of a sulfonic acid, a substance containing a free acid 
of a phosophate monoester, a substance containing a free acid of a phosophate diester, 
a substance containing a free acid of a phosphonic acid, a substance containing a free 
acid of a phosophate monoester, a substance containing a free acid of a carboxyUc 
acid, a substance containing a salt of a sulphate monoester, a substance containing a 
salt of a sulfonic acid, a substance containing a salt of a phosophate monoester, a 
substance containing a salt of a phosophate diester, a substance containing a salt of 
a phosphonic acid, a substance containing a salt of a phosophate monoester, and a 
substance containing a salt of a carboxylic acid. 
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